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ABSTRACT 

The  Effect  of  Long-Term  High-Carbohydrate  Low-Fat  Intake  on  Substrate 
Utilization  and  Plasma  Lipoprotein  Concentrations  in  Postmenopausal  Women. 

The  objective  of  this  study  was  to  determine  if  changes  in  plasma  lipoprotein 
concentrations  that  occur  in  response  to  high-carbohydrate,  low-fat  (HCLF)  intake  may 
be  associated  with  or  result  from  changes  in  substrate  utilization.  By  implementing  three 
diets  which  replaced  energy  from  fat  with  carbohydrate,  stepwise,  over  a  16-week 
period,  we  assessed  the  metabolic  effects  of  a  controlled  increase  in  carbohydrate 
consumption  in  postmenopausal  women.  Substrate  utilization  was  assessed  by  analysis 
of  plasma  metabolites  [e.g.  lactate,  free  glycerol  (FG),  and  free  fatty  acids  (FFA)]  as  well 
as  respiratory  quotient  (RQ)  measurements  at  baseline  and  three  different  timepoints 
throughout  the  study.  Fasting  insulin  and  glucose  concentrations  were  measured  to 
assess  insulin  sensitivity.  Following  the  increase  in  carbohydrate  consumption,  mean 
fasting  insulin  concentration  decreased  nearly  24%  and  was  accompanied  by  a 
concurrent  drop  in  fasting  glucose  levels.  Fasting  RQ  measurements,  plasma  FFA  and 
FG  concentrations  following  intervention  did  not  significantly  shift  from  baseline 
concentrations.  Mean  total-,  low-density  lipoprotein-  and  high-density  lipoprotein- 
cholesterol  were  reduced  an  average  of  5%,  9%  and  13.5%  of  baseline  values, 
respectively.  Both  plasma  triglyceride  (TG)  and  lactate  were  markedly  elevated  relative 
to  baseline.  Plasma  lactate  and  TG  correlated  significantly  at  two  of  four  timepoints, 
with  plasma  TG  concentrations  higher  in  those  with  higher  plasma  lactate  levels.  Our 
results  suggest  that  during  increased  carbohydrate  consumption,  glucose  oxidation 
increases,  resulting  in  increased  concentrations  of  plasma  lactate.  Thus,  HCLF  intake 
may  promote  lipogenesis  by  enhancing  the  levels  of  lipogenic  precursors,  such  as  lactate. 
The  increase  in  lipogenesis  induced  through  HCLF  intake  by  increased  lipogenic 
precursors  causes  the  endogenous  synthesis  of  FFA  which  in  turn  increases  plasma  TG. 
Additional  research  is  warranted  to  more  clearly  define  the  relationship  of  increased 
production  of  lactate,  a  lipogenic  substrate,  to  hypertriglyceridemia  and  increased  plasma 
TG  and  cardiovascular  disease  risk  in  postmenopausal  women. 


REVIEW  OF  THE  LITERATURE 
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INTRODUCTION 

Increased  blood  cholesterol  has  been  identified  as  a  primary  indicator  of  coronary 
heart  disease  (CHD)  risk  by  national  advisory  boards  whose  mission  is  to  prevent  and 
reduce  the  incidence  of  cardiovascular  disease  (CVD)  (1-3).  Both  the  National 
Cholesterol  Education  Program  (NCEP)  and  the  American  Heart  Association  (AHA) 
have  identified  low-density  lipoprotein-cholesterol  (LDL-C),  the  lipoprotein  which 
transports  mainly  cholesterol,  as  the  primary  target  of  cholesterol-lowering  therapy  (2,3). 
Guidelines  issued  by  tbe  AHA  and  the  NCEP  Expert  Panel  direct  health  care  providers 
to  utilize  dietary  therapy  as  the  fist  line  treatment  of  high  blood  cholesterol.  Thus,  the 
primary  emphasis  of  current  nutritional  therapy  to  reduce  plasma  cholesterol 
concentrations  and  coronary  risk  is  to  lower  LDL-C  concentrations  (2,  3). 

Restriction  of  total  and  saturated  fat  intake  is  the  cornerstone  of  dietary  therapy 
aimed  at  lowering  LDL-C  concentrations  (1-6).  Therefore,  guidance  to  reduce  the  risk 
of  CVD  risk  has  been  accompanied  with  encouragement  to  increase  carbohydrate 
consumption. 

The  average  carbohydrate  intake  in  America  is  currently  45%  of  an  individual’s 
total  energy  intake  (7).  Those  with  hyperlipidemia  are  frequently  encouraged  to  increase 
carbohydrate  consumption  to  as  much  as  65%  of  total  energy  intake  (1,2, 4-6). 
Consequently,  adherence  to  these  recommendations  often  necessitate  remarkable 
modification  of  diet  and  perhaps  lifestyle. 
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It  is  becoming  increasingly  clear  that  increased  dietary  carbohydrate  consumption 
may  induce  undesirable  outcomes  including  hypertriglyceridemia  (HTG)  and  reduced 
high-density  lipoprotein-cholesterol  (HDL-C)  (8-12) .  In  addition,  both  HTG  and  low 
HDL-C  concentrations  have  been  shown  to  indicate  increased  CVD  risk  in  women  (IS¬ 
IS).  Unfortunately,  the  metabolic  cause(s)  behind  these  changes  subsequent  to  increased 
high  carbohydrate  consumption  are  not  completely  understood. 

Researchers  have  speculated  that  the  consumption  of  excess  carbohydrate  may 
promote  the  formation  of  fatty  acids  via  de  novo  lipogenesis,  ultimately  leading  to  the 
increase  of  plasma  TG  observed  subsequent  to  high-carbohydrate  low-fat  (HCLF)  intake 
(16, 17)  (Appendix  A).  Interestingly,  a  number  of  short-term  HCLF  studies  have 
shown  that  lactate  concentrations  are  increased  following  HCLF  consumption  (18-21). 
Moreover,  a  substantial  body  of  evidence  suggests  that  lactate,  a  3-carbon  intermediate 
of  glucose  metabolism,  plays  an  important  role  as  both  a  precursor  and  stimulator  of 
hpogenesis  in  vivo  (22,  23).  These  studies  reveal  that  the  primary  products  of 
lipogenesis,  saturated  fatty  acids,  are  found  in  triglycerides  (TG)  and  phospholipid  (23). 
Other  studies  which  investigated  the  effect  of  HCLF  intake  on  carbohydrate  utilization 
have  shown  that  de  novo  lipogenesis  does  not  appear  to  provide  a  significant 
contribution  to  the  body’s  fat  stores  (24-27).  The  production  of  fatty  acids  stored  as 
plasma  TG  instead  of  body  fat  may  account  for  the  disparity  between  energy  balance 
studies  which  have  discounted  the  possibility  that  increased  carbohydrate  consumption 
enhances  de  novo  lipogenesis  and  induces  HTG. 
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The  following  literature  review  provides  an  overview  of  the  effect  HCLF  intake 
has  on  substrate  utilization,  presented  in  four  sections.  In  Section  1,  the  role  of 
lipogenesis  in  long-term  energy  balance  is  explored  in  detail.  The  effects  of  HCLF  intake 
on  systemic  measurements  of  lipolysis  and  substrate  oxidation  are  presented  in  Section 
2.  In  Section  3,  the  influence  FFA  concentration  has  on  glucose  oxidation  and  storage  is 
discussed.  Lastly,  the  effects  of  HCLF  intake  on  plasma  lipoproteins  are  introduced  in 
Section  4. 
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SECTION  1 

Effects  of  HCLF  Intake  on  Substrate  Utilization 

Long-  &  short-term  energy  balance 

The  tendency  of  individuals  to  maintain  a  stable  body  weight  during  long  periods 
of  their  life  reflects  an  ability  to  adapt  to  constant  variations  in  nutrient  intake  (28, 29). 
Energy  balance,  the  difference  between  energy  intake  and  energy  expenditure,  is  known 
to  vary  considerably  on  a  day-to-day  basis  in  free-living  individuals. 

Starch,  sugars,  and  triglycerides  provide  most  of  the  dietary  energy  consumed 
while  glucose  and  free  fatty  acids  (FFA)  are  the  major  metabolic  fuels  used  for  energy 
production.  Long-term  net  energy  balance  is  likely  to  be  sustained  only  if  the  fuel  mix 
oxidized  by  the  body  matches  the  relative  contributions  made  to  that  mix  by  these 
nutrients  from  the  diet. 

Insulin’s  role  in  maintaining  energy  balance 

The  availability  of  glucose  and  amino  acids  to  cells  for  nutrient  utilization  is  as 
important  to  maintaining  energy  balance  as  is  nutrient  intake  itself.  The  availability  of 
glucose  and  amino  acids  to  cells  is  largely  dependent  on  effective  insulin-mediated 
delivery.  Insulin  stimulates  its  target  organs  to  store  and  conserve  energy  fuels  while 
decreasing  their  rate  of  fuel  oxidation.  Primary  sites  of  insulin  action  include  adipose 
tissue,  skeletal  muscle,  and  the  liver.  Insulin  activates  the  transport  of  glucose  from  the 
plasma  into  adipose  tissue  and  muscle  by  mobilizing  glucose  transporters  from  the 
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cytoplasm  to  the  cell  membrane.  These  glucose  transporters  are  actually  vesicles  which 
contain  membrane-bound  protein  capable  of  transporting  glucose  into  the  cell  (30).  In 
contrast,  glucose  transport  into  the  liver,  brain,  and  red  blood  cells  is  not  insulin- 
mediated  (31). 

In  adipose  tissue,  insulin  increases  glucose  transport  and  lipoprotein  lipase  (LPL) 
action  while  inhibiting  lipolysis.  By  enhancing  the  facilitated  diffusion  of  glucose  from 
the  plasma  into  adipose  tissue,  insulin  promotes  fatty  acid  synthesis.  The  transport  of 
glucose  into  the  cell  increases  the  availability  of  both  pyruvate  for  fatty  acid  synthesis 
and  glycerol  3-phosphate  for  esterification  of  the  newly  formed  fatty  acids.  By 
stimulating  the  activation  of  LPL  in  adipose  tissue,  insulin  facilitates  the  uptake  of  TG 
fatty  acids  from  circulating  TG-rich  lipoproteins,  chylomicrons,  and  very-low-density 
lipoprotein  (VLDL)  into  adipose  tissue  (32).  In  this  way,  insulin  promotes  fat  storage  as 
well  as  fat  synthesis.  Lastly,  insulin  reduces  the  concentration  of  plasma  FFA  through  its 
inhibitory  effect  on  hormone  sensitive  lipase  (HSL).  Hormone  sensitive  lipase,  located 
within  adipose  tissue,  catalyzes  the  hydrolysis  of  TG  to  FFA  and  free  glycerol  (FG)  when 
insulin  concentration  is  low  (30). 

Insulin  increases  glucose  transport  and  oxidation,  as  well  as  glycogen  synthesis 
and  protein  synthesis  in  skeletal  muscle.  Likewise,  insulin  inhibits  protein  catabolism  and 
LPL  activity  in  skeletal  muscle.  By  enhancing  the  facilitated  diffusion  of  glucose  from 
the  plasma  into  muscle,  insulin  promotes  glycogen  synthesis  as  well  as  protein  synthesis. 
This  action  antagonizes  that  of  glucagon  which  increases  glycogenolysis  and 
gluconeogenesis  to  increase  the  amount  of  glucose  in  the  blood  (33). 
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In  the  liver,  insulin  inhibits  glycogen  breakdown,  gluconeogenesis,  and  VLDL 
secretion  (32).  Additionally,  insulin  promotes  hepatic  protein  synthesis  (30). 

Insulin  Insensitivity:  it’s  effect  on  substrate  utilization 

Insulin  resistance  or  insensitivity  occurs  when  increased  plasma  glucose  is  present 
despite  a  normal  insulin  level  or  when  a  normal  plasma  glucose  level  is  accompanied  by 
elevated  plasma  insulin  (34).  Hyperinsulinemia  is  a  hallmark  of  insulin  resistance  (35), 
which  presumably  develops  to  sustain  the  tissue-specific  effects  of  insulin.  Meanwhile, 
the  body  attempts  to  compensate  for  the  compromised  glucose  delivery  by  deaminating 
amino  acids  and  using  the  non-nitrogenous  portion  to  synthesize  glucose  or  fatty  acids. 
Glucose  accumulates  in  the  blood  since  it  is  unable  to  cross  cell  membranes  within 
skeletal  or  adipose  tissue.  The  inhibited  transport  of  glucose  into  insulin-dependent 
tissues  ultimately  results  in  hyperglycemia.  Excess  glucose  is  then  excreted  in  the  urine. 
As  a  result,  negative  energy  balance  ensues  (30). 

During  insulin  resistance,  fatty  acid  oxidation  in  skeletal  muscle  is  increased  in  an 
effort  to  adapt  to  decreased  glucose  delivery  and  the  consequent  reduction  in  glucose 
oxidation.  Elevated  lipolysis  of  adipose  tissue  and  increased  circulating  FFA  contribute 
further  to  the  increased  oxidation  of  fatty  acids  (36).  In  addition,  an  overproduction  of 
VLDL  triglycerides  (37)  and  tissue-specific  alterations  in  LPL  result  (38).  A  higher 

plasma  level  of  insulin  increases  the  activity  of  LPL  and  simultaneously  decreases  the 

3% 

activity  of  HSL  (Farcse-91).  Thus,  the  net  biochemical  outcome  is  a  greater  percent  of 


fat  put  into  storage  and  proportionately  less  fat  removed  from  storage  for  metabolism. 
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The  effects  of  HCLF  intake  on  insulin  sensitivity 

Diet  is  considered  an  important  environmental  factor  which  influences  insulin- 
mediated  glucose  uptake.  Although  the  degree  to  which  dietary  composition  influences 
insulin  sensitivity  is  not  certain,  one  basis  for  the  current  recommendation  for  individuals 
to  increase  their  carbohydrate  intake  is  the  theory  that  a  high  content  of  complex 
carbohydrates  may  lead  to  an  improvement  in  insulin  sensitivity  (4,  39). 

Himsworth  was  the  first  to  propose  that  HCLF  diets  enhance  insulin  sensitivity 
sixty  years  ago  (40).  He  demonstrated  that  the  glucose  tolerance  of  normal  subjects 
increased  as  the  carbohydrate  content  of  the  antecedent  diet  was  progressively  increased. 

Studies  by  Brunzell  et  al.(41)  and  Anderson  (42)  have  also  suggested  that  when 
dietary  carbohydrate  content  is  increased  to  75-85%  of  total  calories,  insulin  sensitivity  is 
enhanced.  When  these  diets  were  implemented  for  7-10  days,  glucose  tolerance  was 
improved  while  plasma  insulin  response  remain  unchanged  in  both  normal  subjects  (41) 
and  patients  with  mild  non-insulin  dependent  diabetes  mellitus  (NIDDM)  (41,  42).  Both 
authors  conclude  that  high  carbohydrate  intake  increases  the  sensitivity  of  peripheral 
tissues  to  insulin. 

More  direct  evidence  of  the  ability  of  high  carbohydrate  feedings  to  improve 
insulin  sensitivity  has  been  provided  by  Kolterman  and  associates  (43).  Healthy  subjects 
were  given  a  formula  feeding,  containing  75%  carbohydrate.  After  consuming  the 
formula  for  five  days,  subjects  experienced  mild  postprandial  hyperglycemia  and  more 
marked  postprandial  hyperinsulinemia  while  basal  values  were  unchanged.  Following 
fourteen  days  on  the  formula,  subjects  showed  a  similar  response,  except  that  the 
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elevations  of  plasma  glucose  and  insulin  concentrations  were  not  as  marked.  To 
illustrate,  the  areas  under  both  the  insulin  and  glucose  curves  were  significantly  increased 
in  the  5-day  group,  while  only  insulin  concentrations  were  increased  in  the  14-day  group. 

Insulin  sensitivity  was  estimated  using  a  euglycemic  clamp  technique  which 
allows  the  subject’s  ability  to  dispose  of  a  measured  glucose  load  under  variable  insulin 
stimulus  to  be  quantified.  To  do  this,  an  intravenous  infusion  of  insulin  and  glucose  is 
given  while  epinephrine  and  propranolol  are  simultaneously  administered  in  an  effort  to 
suppress  endogenous  insulin  secretion.  A  steady  state  plasma  concentration  of  glucose 
and  insulin  is  achieved  within  ninety  minutes  of  the  infusion.  Thus,  the  mean  steady  state 
plasma  glucose  concentration  is  a  direct  reflection  of  the  efficiency  of  insulin-mediated 
glucose  uptake  (43).  Inversely,  during  an  insulin  clamp  technique,  insulin  levels  are 
progressively  increased  while  the  plasma  glucose  concentration  is  maintained  at  a 
predetermined  level  by  the  simultaneous  infusion  of  glucose.  In  this  way,  researchers  are 
able  to  measure  the  effect  different  insulin  levels  have  on  glucose  uptake  (44). 

As  indicated  by  the  steady  state  plasma  glucose,  the  high  carbohydrate  diet  led  to 
a  marked  enhancement  of  insulin’s  ability  to  augment  glucose  disposal  which  was  similar 
after  both  the  short-term  and  long-term  feeding  periods.  Based  on  findings  in  rat  studies, 
the  authors  suggest  that  the  enhanced  insulin  sensitivity  may  be  due  to  increased  activity 
of  the  glucose  transport  system.  Additionally,  intracellular  steps  in  glucose  metabolism 
may  be  enhanced  and  contribute  to  insulin’s  ability  to  promote  glucose  removal. 

Hjollund  and  associates  (45)  implemented  the  use  of  HCLF  mixed  meals  to 
confirm  findings  previously  reported  following  HCLF  formula  feedings.  After  NIDDM 
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subjects  consumed  a  low-fat/high-starch/high-fiber  diet  for  three  weeks,  diabetes  control 
improved  as  demonstrated  by  decreased  fasting  plasma  glucose  and  24-hour  urinary 
glucose  excretion.  Despite  the  improved  glucose  homeostasis,  no  significant  changes 
were  observed  in  fasting  serum  insulin  levels.  During  an  intravenous  insulin  tolerance 
test  (IVnT),  blood  samples  were  drawn  at  eight  timepoints  following  the  intravenous 
injection  of  insulin.  The  rate  of  glucose  disappearance  was  then  quantified  to  determine 
the  in  vivo  insulin  action.  The  in  vivo  insulin  action  as  estimated  by  the  IVITT  improved 
significantly  in  subjects  consuming  the  alternative  diet.  Furthermore,  in  fat  cells  obtained 
from  patients  in  the  altemative-diet  group,  insulin  receptor  binding  increased  subsequent 
to  the  change  of  diet.  For  these  reasons,  the  authors  conclude  the  enhanced  insulin 
action  may  be  due,  in  part,  to  increased  insulin  receptor  binding. 

High  carbohydrate-low  fat  intake  is  typically  accompanied  by  generous  fiber 
consumption  when  solid,  mixed  meals  are  consumed  (46).  A  number  of  studies  have 
related  positive  changes  in  fasting  plasma  glucose  and  insulin  levels  to  increases  in  both 
carbohydrate  and  fiber  intake  (47-50).  Their  conclusions  have  been  strengthened  by  a 
recent  study  examining  the  effect  of  a  high-carbohydrate  (68%),  high-fiber  diet. 
Fukagawa  and  colleagues  reported  the  sensitivity  of  peripheral  tissues  to  physiological 
concentrations  of  insulin  was  significantly  increased  in  healthy  adults  after  consuming  a 
HCLF  high  fiber  diet  for  21  days  or  more  (51).  Following  the  HCLF  high  fiber  period, 
fasting  glucose  and  insulin  were  decreased  by  5%  and  24%  respectively.  Insulin- 
mediated  glucose  disposal  was  measured  using  the  euglycemic  clamp  technique  before 
and  after  the  HCLF  high  fiber  period.  Glucose  disposal  rate  was  determined  by  the 
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glucose  infusion  rate  necessary  to  maintain  euglycemia.  Mean  glucose  disposal  increased 
by  143%  of  basal  following  21-28  days  on  the  modified  diet.  This  effect  was  reversed  in 
less  than  two  weeks  after  normal  dietary  intake  was  resumed.  These  findings  imply  that 
an  HCLF  high  fiber  intake  increases  the  sensitivity  of  peripheral  tissues  to  physiological 
concentrations  of  insulin  in  healthy  adults. 

Insulin  resistance  and  diminished  P-cell  sensitivity  to  glucose  are  characteristics 
which  have  been  associated  with  aging  in  humans  (52).  Recognizing  that  elderly  subjects 
reportedly  consume  less  carbohydrate  than  their  younger  counterparts,  Chen  and 
colleagues  proposed  that  dietary  intake  may  be  related  to  the  decline  in  glucose 
intolerance  observed  in  aging  (52).  To  examine  the  relationship  between  dietary  intake 
and  insulin  sensitivity  in  aging,  a  group  of  young  (18-36  y)  and  elderly  (65-82^onobese 
healthy  men  were  recruited.  Frequently  sampled  intravenous  glucose  tolerance  tests 
were  performed,  from  which,  the  glucose  disappearance  rate,  insulin  sensitivity  index, 
and  P-cell  responsiveness  to  glucose  were  derived.  Although  dietary  carbohydrate  intake 
during  the  ad  libitum  dietary  period  was  similar  in  the  young  (41%  carbohydrate/CHO) 
and  older  (49%  CHO)  groups,  the  older  men  were  less  glucose  tolerant  than  the  younger 
men.  Glucose  intolerance  in  the  older  men  was  related  to  both  insulin  resistance  and 
decreased  P-cell  responsiveness.  After  consuming  a  very  high  carbohydrate  (85% 
CHO/0%  fat)  formula  feeding  for  three  to  five  days,  glucose  tolerance  was  markedly 
improved  in  the  older  group.  In  fact,  glucose  tolerance  in  the  older  subjects  became 
identical  to  that  of  the  young  subjects  whose  glucose  tolerance  was  unchanged.  The 
authors  conclude  that  factors  independent  of  an  individual’s  carbohydrate  intake 
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contribute  to  the  decline  in  glucose  tolerance  associated  with  aging.  First, 
carbohydrate’s  ability  to  enhance  insulin  sensitivity  is  reduced  with  aging.  Secondly, 
reduced  islet  function  also  contributes  to  reduced  glucose  tolerance  and  insulin  resistance 
associated  with  aging.  The  precise  mechanisms  by  which  increased  carbohydrate  intake 
improves  pancreatic  function  and  insulin  sensitivity  are  poorly  understood.  However, 
this  study  demonstrates  that  differences  in  insulin  sensitivity,  islet  function  and 
carbohydrate  tolerance  between  young  and  aged  nonobese  men  are  much  less  when 
carbohydrate  intake  is  high. 

Despite  the  above  findings,  the  effect  HCLF  intake  has  on  insulin  sensitivity 
remains  controversial.  Analysis  of  Himsworth’s  data  (53)  indicates  that  most  of  the 
improvement  in  glucose  tolerance  and  the  associated  index  of  insulin  insensitivity 
occurred  when  carbohydrate  intake  was  increased  from  less  than  10%  to  approximately 
30%  of  energy  intake.  Increases  from  30  to  60%  of  energy  intake,  which  are 
representative  of  the  range  of  carbohydrate  intake  in  western  diets,  produced  little 
improvement.  Furthermore,  a  sequence  effect  may  have  affected  the  results  since 
subjects  consumed  each  diet  consecutively  beginning  with  the  lowest  and  ending  at  the 
highest  carbohydrate  content  (40). 

The  above  studies  assessed  the  effect  that  antecedent  diets,  composed  of  varied 
amounts  of  carbohydrate,  have  on  glucose  and  insulin  responses.  To  do  this,  a  variety  of 
techniques  were  utilized,  including  oral  and  intravenous  glucose  tolerance  tests,  the 
euglycemic  clamp  technique,  and  an  intravenous  insulin  tolerance  test.  By  contrast, 
actual  insulin  and  glucose  response  to  variations  in  carbohydrate  intake  have  been 
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reported  in  an  effort  to  describe  the  consequences  of  replacing  fat  intake  with 
carbohydrate  (1 1, 12,  54).  Ginsberg  (12)  and  Reaven  (11)  each  utilized  liquid  formula 
feedings  to  study  the  effects  of  moderate  dietary  fat  restriction  (55%  CHO/30%  fat)  on 
glucose  and  insulin  response.  Both  studies  reported  that  the  high  carbohydrate  formula 
led  to  significant  increases  in  post-prandial  plasma  glucose  and  insulin  levels.  While 
Reaven  and  Olefsky  observed  significantly  lower  glucose  and  insulin  levels  three  hours 
after  the  high  carbohydrate  formula  feeding,  Ginsberg  et  al.  did  not. 

Coulston  and  colleagues  incorporated  two  levels  of  dietary  carbohydrate  (40% 
and  60%)  into  typical  U.S.  diets  (54).  Fasting  blood  samples  were  drawn  after  each  diet 
was  fed  for  ten  days  to  healthy  volunteers.  No  changes  were  observed  in  fasting  plasma 
insulin  or  glucose  concentrations.  While  the  mean  plasma  postprandial  glucose  levels 
were  higher  on  the  HCLF  diet  at  each  time  period,  none  of  these  differences  reached 
statistical  significance.  However,  significant  elevations  in  postprandial  insulin  response 
were  observed  before  commencing  the  meal,  as  well  as  one  and  two  hours  following 
ingestion  of  the  HCLF  meal.  Taken  alone,  these  three  studies  may  indicate  that  routine 
HCLF  intake  may  induce  day  long  plasma  glucose  and  insulin  levels  (11).  Still  others 
maintain  that  circulating  levels  of  glucose  and  insulin  may  not  always  appropriately 
reflect  the  current  physiologic  state  (34). 

Several  studies  reporting  improved  insulin  sensitivity  used  extremely 
carbohydrate-rich  diets  (70-85%  CHO).  With  more  modest  increases  in  carbohydrate 
intake,  variable  effects  have  been  reported  on  the  glucose  profile  in  diabetic  (55, 56)  and 
healthy  subjects  (54,  57,  58).  To  illustrate,  in  a  recent,  well-publicized  multi-center 
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study,  NIDDM  patients  were  given  a  high-carbohydrate  diet  containing  55%  of  the  total 
energy  as  carbohydrates  and  30%  as  fats.  A  high-monounsaturated-fat  diet  containing 
40%  carbohydrates  and  45%  fats  was  also  included  (56).  Compared  with  the  high- 
monounsaturated-fat  diet,  the  high-carbohydrate  diet  increased  daylong  plasma  glucose 
by  12%  while  concurrently  increasing  insuhn  values  by  9%.  These  effects  on  plasma 
glucose  and  insulin  levels  persisted  during  the  14  week  trial. 

Fiber’s  impact  on  improving  insulin  sensitivity  has  also  been  questioned.  Riccardi 
et  al.  (55)  attempted  to  determine  the  separate  effects  of  the  fiber  and  carbohydrate 
components  of  the  diet  on  the  control  of  glucose  metabolism  in  both  type  I  (insulin- 
dependent)  and  type  n  diabetics.  These  investigators  suggested  that  an  increase  of 
digestible  carbohydrate  without  an  increase  in  dietary  fiber  does  not  improve  control  of 
blood  glucose  concentrations.  Once  again  however,  the  diet  which  contained  the 
greatest  proportion  of  carbohydrate  (53%  CHO)  was  substantially  lower  than  those 
which  previously  demonstrated  improved  insulin  sensitivity  (68-85%  CHO). 

Therefore,  it  appears  that  very-high-carbohydrate,  low-fat  diets  do  promote 
improved  glucose  control  and  insulin  sensitivity.  Additionally,  the  inherent  increase  in 
fiber  content  of  HCLF  diets  may  also  play  a  role  in  improved  glucose  homeostasis. 
Nonetheless,  the  effects  that  a  more  modest  increase  in  carbohydrate  intake  has  on 
insulin  sensitivity  and  glucose  tolerance  is  more  variable. 
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Lipogenesis-its  role  in  long-term  energy  balance 

Unlike  protein,  dietary  carbohydrate,  as  glucose,  can  be  converted  not  only  to 
glycogen,  but  also  to  fat  (59).  Conversion  of  excess  carbohydrates  into  fat  provides  a 
pathway  for  the  storage  of  carbohydrates  consumed  in  excess. 

Although  the  liver  and  adipose  tissue  contain  the  enzymes  necessary  for  the 
conversion  of  carbohydrate  to  fat,  it  is  fairly  well  established  that  lipogenesis  in  the  adult 
human  occurs  primarily  in  the  liver  (60).  This  knowledge  has  led  to  the  common 
perception  that  conversion  of  carbohydrate  to  fat  is  an  important  pathway  for  the 
retention  of  dietary  energy  and  for  the  accumulation  of  body  fat.  Support  for  this 
concept  gained  support  following  observation  of  humans  receiving  intravenous 
hyperalimentation  which  contained  concentrated  dextrose  solutions  (16).  As  indicated 
by  respiratory  quotient  (RQ)  measurements  greater  than  one,  lipogenesis  was  occurring 
in  these  patients.  Additionally,  widespread  observations  of  HTG  in  patients  adhering  to 
HCLF  diets  have  led  to  speculation  that  high  carbohydrate  intake  promotes  de  novo 
lipogenesis  (17). 

Saturated  glycogen  stores  precede  de  novo  lipogenesis 

Acheson  et  al.  (24)  and  other  researchers  (61, 62)  have  demonstrated  that  a 
considerable  surplus  of  carbohydrate  is  necessary  to  induce  measurable  lipogenesis  in 
humans.  Acheson  demonstrated  that  even  after  subjects  consumed  a  meal  which 
provided  approximately  500  grams  of  carbohydrate,  fat  synthesis  did  not  exceed  the 
concomitant  rate  of  fat  oxidation.  Indirect  calorimetry  was  utilized  to  evaluate  changes 
in  the  body’s  carbohydrate  and  fat  content.  The  mean  RQ  value  remained  below  1.0  for 
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ten  hours  following  meal  consumption,  indicating  that  there  was  not  a  significant  net  gain 
in  body  fat.  These  findings  reflect  those  reported  by  Passmore  and  Swindells  (61)  over 
thirty  years  ago  under  more  rudimentary  experimental  conditions.  Acheson  and 
colleagues  were  able  to  establish  that  only  1-2%  of  the  500-g  carbohydrate  meal  was 
routed  towards  lipogenesis,  while  85%  was  converted  into  glycogen  stores.  These 
findings  substantiate  that  the  previously  established  capacity  for  glycogen  storage  in 
humans,  300  grams,  underestimates  actual  glycogen  capacity.  To  their  credit,  Passmore 
and  Swindells  theorized  this  twenty  years  earlier  (61). 

HCLF  intake  promotes  glycogen  storage  &  glucose  oxidation 

Some  sugars,  including  maize  and  cane  sugar,  have  a  detectable  amount  of  *^C- 
content  which  is  naturally  occurring.  Naturally  occurring  sources  of  the  stable  isotope  of 
carbon,^^C,  provide  a  cost  effective  source  of  C-carbohydrate  for  studies  in  man.  The 
use  of  has  become  increasingly  popular  for  human  metabolic  studies  due  to  its  low 
health  risk  in  comparison  with  ‘"C.  Additionally,  improved  mass  spectrometer 
technology,  used  to  detect  stable  isotopes,  has  made  stable  isotope  studies  more 
practical.  For  these  reasons,  Acheson  and  colleagues  utilized  a  namrally  labeled  ‘^C- 
carbohydrate  load  along  with  respiratory  exchange  measurements,  to  investigate 
exogenous  glucose  utilization  (26). 

Three  groups  of  subjects  consumed  one  of  the  following  three  antecedent  diets: 
high  in  fat,  high  in  carbohydrate,  or  mixed.  After  consuming  the  antecedent  diet  for 
three  to  six  days,  500  g  of  carbohydrate,  naturally  labeled  with  were  ingested  and 
respiratory  exchange  measurements  were  performed  (26).  In  the  high  fat  group,  fat  was 
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the  principal  energetic  substrate,  allowing  much  of  the  ingested  carbohydrate  to  be 
stored  as  glycogen.  Exogenous  carbohydrate  oxidation  was  greater  in  both  the  high 
carbohydrate  and  mixed  diet  groups  than  in  the  high  fat  group.  These  findings  suggest 
that  when  the  body  glycogen  stores  are  low,  glucose  uptake  is  facilitated  in  order  to 
replete  them.  Conversely,  a  diet  rich  in  carbohydrates  will  simultaneously  maintain 
glycogen  stores  closer  to  their  saturation  levels  while  providing  a  greater  proportion  of 
carbohydrate  for  oxidation.  Authors  conclude  that  de  novo  lipogenesis  can  occur  to  a 
very  limited  extent,  but  only  after  both  glycogen  storage  and  glucose  oxidation  have 
become  saturated  (25, 26). 

Carbohydrate  oxidation  is  sensitive  to  the  composition  of  dietary  intake 

Subsequent  studies  have  established  that  carbohydrate  balances  are  maintained 
more  accurately  than  fat  balances  (63-65).  To  measure  the  impact  fat  intake  has  on  fat 
oxidation,  subjects  consumed  a  mixed  maintenance  diet  plus  an  additional  amount  of  106 
±  6g  fat  per  day  for  36  hours  (64).  Despite  the  addition  of  approximately  one  thousand 
calories  per  day  of  dietary  fat,  there  was  no  appreciable  change  in  the  24-hour  energy 
expenditure  or  RQ.  These  findings  confirm  an  earlier  report  (66)  that  dietary  fat  intake 
does  not  promote  fat  oxidation  during  the  postprandial  hours.  Therefore,  the  regulation 
of  fat  balance  differs  markedly  from  the  regulation  of  the  carbohydrate  balance  because 
only  carbohydrate  balance  is  facilitated  by  a  spontaneous  adjustment  of  the  rate  of 
oxidation  to  intake.  As  a  result,  substantial  imbalances  between  intake  and  oxidation  are 
much  more  likely  for  fat  than  for  carbohydrate  (64). 
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J.P.  Flatt  (65)  confirmed  that  carbohydrate  balance  continues  to  be  maintained 
more  accurately  than  fat  balance  even  in  the  long-term.  Mice  were  maintained  on  one  of 
two  diets  for  160  days:  a  high  carbohydrate  diet  (69%  CHO,  13%  fat)  or  a  “mixed 
western  diet”  (37%  CHO,  45%  fat).  Daily  variations  in  the  amounts  of  food  consumed 
were  found  to  exert  opposite  effects  on  carbohydrate  and  fat  oxidation.  Thus, 
carbohydrate  oxidation  was  found  to  be  correlated  positively  with  daily  food,  and  hence 
carbohydrate  intake,  whereas  fat  oxidation  was  correlated  negatively  with  daily  food  and 
thus  fat  intake.  Fat  oxidation  appeared  to  be  determined  by  the  gap  between  overall 
energy  expenditure  and  the  sum  of  carbohydrate  plus  protein  energy  ingested,  rather  than 
by  the  amount  of  fat  consumed. 

Possible  limitations  of  indirect  calorimetry 

It  may  be  argued  that  conclusions  based  on  the  above  studies  are  limited  by  the 
fact  that  indirect  calorimetry  is  a  measurement  of  net  lipogenesis.  In  other  words,  fatty 
acid  synthesis  could  be  masked  by  concomitant  fatty  acid  oxidation,  or  futile  cycling. 
However,  the  energy  cost  of  transforming  glucose  to  lipid  is  far  greater  (23%  glucose 
energy)  than  when  the  same  amount  of  glucose  is  converted  to  glycogen  (7%)  (25,  67). 
Consequently,  a  noticeably  increased  energy  expenditure  would  signal  the  presence  of 
futile  cycling.  Nonetheless,  in  an  effort  to  measure  lipogenesis  directly,  Hellerstein  and 
colleagues  (27)  have  successfully  employed  a  stable-isotopic  method  for  measuring  de 
novo  lipogenesis  in  humans.  Their  findings  are  consistent  with  previous  conclusions 


20 


based  on  indirect  calorimetry.  Thus,  de  novo  lipogenesis  appears  to  be  a  quantitatively 
minor  pathway  and  fatty  acid  futile  cycling  is  not  thermogenically  significant. 

Speciflc  dietary  factors  may  enhance  de  novo  lipogenesis 

Hudgins  et  al.  attempted  to  determine  the  amount  of  carbohydrate  intake  which 
would  favor  lipogenesis  in  humans  (68).  To  do  this,  subjects  were  provided  formula 
diets  of  varying  amounts  of  carbohydrates.  The  fatty  acid  composition  in  the  dnnks  was 
designed  to  reflect  the  fatty  acid  composition  of  adipose  tissue.  Typically,  plasma  VLDL 
triglycerides  contain  fat  derived  from  either  adipose  tissue  or  from  the  diet.  However, 
when  the  fatty  acids  consumed  are  comparable  to  those  in  VLDL,  newly-formed  VLDL 
triglycerides  composition  should  reflect  the  fatty  acid  composition  of  adipose  tissue. 
However,  if  de  novo  synthesis  of  fat  from  carbohydrate  ensues,  a  decline  in  linoleic  acid 
(an  essential  fatty  acid)  content  of  VLDL  would  indicate  the  presence  of  de  novo 
lipogenesis.  De  novo  lipogenesis  was  detected  only  when  subjects  consumed  a  formula 
diet  containing  10%  of  the  energy  as  fat  energy.  These  findings  were  confirmed  by 
Hudgins  and  colleagues  by  using  [’^C]  acetate  incorporation  into  VLDL  triglyceride 
palmitate  (68). 

The  technique  described  above  was  utilized  to  determine  distinct  factors  that  may 
enhance  de  novo  lipogenesis  (69).  Lean  volunteers  were  fed  two  high  carbohydrate  diets 
for  25  days  each.  Both  the  liquid  formula  diet  and  the  solid  food  diet  contained  75% 
carbohydrate  and  10%  fat.  Additionally,  the  fatty  acid  composition  was  matched  to  each 
subject’s  adipose  tissue  composition.  The  carbohydrate  content  of  the  formula  feeding 
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was  largely  derived  from  glueose  polymers.  In  contrast,  the  solid  food  diet  was  higher  in 
complex  carbohydrates  (50%  starch)  and  fiber  (~40g/d).  The  dilution  of  18:2  in  VLDL 
TG  relative  to  the  percent  18:2  in  the  adipose  tissue  indicated  that  nearly  half  of  VLDL 
TG  fatty  acid  may  have  been  formed  de  novo  in  the  volunteers  fed  the  eucaloric  very  low 
fat  fiber-free  diet  with  glucose  polymers.  Conversely,  de  novo  lipogenesis  was 
suppressed  by  the  low-fat,  solid  food  diet  containing  fiber  and  more  complex 
carbohydrates. 

Previous  findings  on  the  effect  of  propionate  on  fatty  acid  synthesis  may  elucidate 
these  findngs.  The  short-chain  fatty  acid,  propionate,  is  produced  by  colonic  microflora 
upon  fermentation  of  dietary  fiber.  Using  isolated  rat  hepatocytes,  Nishina  and 
Freedland  demonstrated  that  lipogenesis  was  effectively  inhibited  by  the  addition  of 
proprionate  to  cell  preparations  (70). 

The  above  findings  indicate  that  the  source  of  carbohydrate,  along  with  the 
amount  of  fiber  intake,  may  have  a  significant  impact  on  the  likelihood  of  de  novo 
lipogenesis  occurring.  Despite  the  dramatic  differences  in  the  diet-induced  de  novo 
lipogenesis,  energy  expenditure  measured  by  indirect  calorimetry  did  not  differ  between 


diets. 
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Summary 

The  consumption  of  carbohydrate  promotes  glucose  storage  and  oxidation  (71). 
Lipogenesis  from  carbohydrate  appears  to  be  limited  by  the  body’s  preference  to  store 
excess  glucose  as  glycogen.  Carbohydrate  intake  promptly  increases  carbohydrate 
oxidation  and  continues  to  do  so  once  glycogen  reserves  are  repleted  (25, 66).  As  a 
result,  HCLF  diets  spare  fat  from  oxidation,  even  if  fat  is  consumed  along  with  the 
carbohydrate  (66). 

Conversely,  lower  glycogen  levels  are  maintained  on  diets  which  are 
proportionately  lower  in  carbohydrate  and  higher  in  fat  content.  Since  the  rate  of  fat 
oxidation  is  markedly  influenced  by  the  availability  of  carbohydrate,  this  provides  a 
mechanism  permitting  increased  oxidation  of  fat.  The  body’s  ability  to  increase  or 
decrease  the  use  of  carbohydrate  as  metabolic  fuel  plays  an  important  role  in  the 
maintenance  of  carbohydrate  balance. 


SECTION  2 
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Effects  of  HCLF  intake  on  systemic  measurements  of 
lipolysis  &  substrate  oxidation 

Free  Glycerol  (FG)  &  Free  Fatty  Acids  (FFA) 

During  the  resting  state,  or  the  interval  between  feeding  and  fasting,  liver  and 
muscle  derive  most  of  their  energy  from  fatty  acids  which  are  released  from  adipose 
tissue  into  the  bloodstream.  As  metabolism  transitions  from  the  fed  to  the  fasting 
condition,  glucose  availability  from  food  decreases  and  liver  glycogen  is  utilized  to 
maintain  the  blood  glucose.  In  the  fully  fasted  state,  endogenous  glucose  production 
(from  amino  acids  and  glycerol)  does  not  keep  pace  with  its  utilization  and  oxidation. 

As  a  result  of  diminishing  glucose  availability,  the  inhibitory  effect  of  insulin  on  lipolysis 
abates,  which  induces  the  activation  of  HSL.  Upon  activation,  HSL  catalyzes  the 
hydrolysis  of  TG  to  FFA  and  FG  (30). 

Once  mobihzed,  FFA,  bound  to  albumin,  are  transported  to  the  tissues  to  be 
either  oxidized  or  esterified.  The  rate  of  fat  oxidation  generally  varies  in  parallel  with 
changes  in  the  level  of  circulating  FFA  (36, 72).  Consequently,  as  the  concentration  of 
FFA  increases  during  fasting,  FFA  are  oxidized  at  an  ever-increasing  rate  in  an  effort  to 
spare  the  non-obligatory  oxidation  of  glucose.  Those  FFA  not  oxidized  are  converted  to 
TG,  packaged  into  VLDL  and  sent  back  to  the  bloodstream  (30). 

Free  glycerol  released  during  lipolysis  can  be  used  for  the  synthesis  of  TG  or 
oxidized  within  the  adipose  tissue.  Additionally,  the  provision  of  glycerol  for 
gluconeogenesis  also  serves  a  vital  function  (73).  Glycerol  may  join  the  carbohydrate 
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pool  after  activation  to  glycerol  3-phosphate  which  occurs  primarily  in  the  liver  and 
kidney.  However,  muscle  lacks  the  enzyme  glycerokinase,  which  is  required  for 
introduction  of  glycerol  into  the  glycolysis  pathway.  As  a  result,  glycerol  that  is 
liberated  from  TG  by  LPL  cannot  be  used  directly  by  the  muscle  (3 1). 

The  effect  long-term  (i.e.  >1  week)  HCLF  intake  has  on  fasting  or  post-prandial 
FFA  has  not  been  reported  to  my  knowledge.  However,  fasting  and  post-prandial  FFA 
and  FG  have  been  measured  as  indicators  of  lipolysis  and  reesterification  in  a  few 
substrate  oxidation  studies  which  utilized  short-term  implementation  of  HCLF  diets. 

In  two  separate  studies  (25, 26),  Acheson  reported  antecedent  diets  of  variable 
macronutrient  content  had  pronounced  effects  on  fasting  plasma  FFA  levels  in  healthy 
males.  Fasting  FFA  levels  were  significantly  greater  in  subjects  who  had  received  a  high 
fat  (14%  CHO:75%  fat)  than  in  the  subjects  who  received  either  mixed  (61%  CHO:27% 
fat)  or  high  carbohydrate  (80%  CHO:9%  fat)  diets.  Additionally,  following  a  500  g 
carbohydrate  load,  plasma  FFA  concentrations  in  the  high  fat  group  dropped,  but 
stabilized  at  a  higher  level  than  in  the  mixed  or  low  fat  groups.  Likewise,  an  additional 
collection  of  studies  indicates  that  postprandial  concentrations  of  FG  and  FFA  typically 
reach  lower  postprandial  levels  following  meals  with  the  higher  carbohydrate  to  fat  ratio 
(66,  74,  75). 

However,  Leclerc  and  colleagues  (58)  reported  that  antecedent  diets  of  variable 
carbohydrate  content  had  no  effect  on  FFA  concentration  following  a  75g  glucose  load. 
While  these  results  appear  to  conflict  with  the  above  findings,  this  study  design  did  not 
include  a  diet  containing  greater  than  30%  fat  content.  Therefore,  differences  in  FFA 
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values  may  have  been  more  difficult  to  detect  due  to  less  variation  in  diet  composition. 
Additionally,  the  75g  glucose  challenge  provided  only  a  fraction  of  the  carbohydrate  or 
glucose  that  was  provided  in  the  above  measurements.  These  factors  may  have  affected 
study  outcome. 

Van  Amelsvoort  and  co-workers  (74, 75)  illustrated  that  postprandial  plasma 
FFA  and  FG  concentrations  display  similar  patterns  of  change  following  the  consumption 
of  variable  amounts  of  carbohydrate  and  fat.  After  an  initial  rapid  drop  shortly  after  the 
start  of  the  meals,  FFA  and  FG  concentrations  show  a  rise  after  the  fat-rich  meals. 
Conversely,  FFA  and  FG  decline  further  following  carbohydrate-rich  meals. 

Rationale  for  the  observed  decrease  in  FFA  levels  which  appears  to  be  concurrent 
with  HCLF  intake  may  be  three-fold.  Reduced  lipolysis  is  an  anticipated  outcome  in 
response  to  the  elevated  insulin  levels  induced  by  increased  carbohydrate  intake. 
Secondly,  both  the  high  level  of  glucose  (which  is  converted  to  glycerophosphate)  and 
the  concomitantly  high  level  of  insulin  in  the  blood  stimulate  an  increase  in  the  rate  of  de 
novo  synthesis  of  triacylglycerol  from  FFA.  Lastly,  release  of  FFA  from  plasma 
triacylglycerol  is  reduced  following  HCLF  intake  due  to  the  limited  postprandial  rise  in 
triacylglycerol.  Inversely,  the  rise  in  FFA  which  followed  the  high  fat  meal  is  apparently 
due  to  the  release  of  FFA  by  the  action  of  LPL  on  triacylglycerols  in  the  chylomicrons 


(74, 75). 
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Lactate 

Lactate,  a  product  of  glycolysis  and  glycogenolysis,  is  produced  by  erythrocytes 
and  skeletal  muscle  (76).  According  to  the  classical  pathway  of  lactate  production, 
lactate  is  produced  primarily  in  tissues  that  function  under  hypoxic  circumstances  (77). 

To  illustrate,  glycolysis  in  red  blood  cells  always  terminates  in  lactate,  even  in  aerobic 
conditions.  Complete  oxidation  of  glucose  involves  conversion  to  pyruvate,  followed  by 
entry  into  the  mitochondrion  for  conversion  to  carbon  dioxide.  Because  erythrocytes  are 
lacking  mitochondria  which  contain  the  enzymatic  machinery  for  the  aerobic  oxidation  of 
pyruvate,  glucose  is  oxidized  only  as  far  as  pyruvate.  The  pyruvate  is  then  reduced  to 
lactic  acid,  which  is  released  into  the  bloodstream  to  be  processed  further  by  the  liver 
(78, 79). 

Researchers  agree  that  the  absence  of  oxygen  will  cause  an  acceleration  in 
glycolysis  and  increased  lactate  production.  However,  it  has  recently  been  proposed  that 
the  production  or  appearance  of  lactate  may  not  always  reflect  a  lack  of  oxygen  (76, 80). 
It  is  postulated  that  the  intracellular  enzymes  which  process  carbohydrates  produce  lactic 
acid  as  a  function  of  metabolism. 

According  to  the  anaerobic  threshold  theory  of  lactate  production,  blood  lactate 
concentration  abruptly  increases  when  the  ventilary  threshold  is  reached. 
Correspondingly,  the  production  of  lactate  is  a  direct  result  of  an  absence  of  oxygen 
(78).  On  the  contrary,  there  is  evidence  to  support  that  significant  amounts  of  lactate  are 
formed  (and  removed)  in  healthy  resting  or  exercising  individuals  who  are  not  limited  in 
terms  of  oxygen  transport  or  utilization  (76,  81).  Brooks  (80)  contends  that  elevations 
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in  blood  lactate  concentration  are  due  to  an  inequality  of  lactate  appearance  (Ra)  in  the 
blood  and  its  disappearance  (Rd)  from  the  blood.  This  mechanism  has  been  coined  the 
lactate  shuttle. 

It  is  well  established  that  blood  lactate  and  pyruvate  concentrations  increase  after 
glucose  administration  (82,  83).  In  addition,  elevations  in  plasma  lactate  concentration 
have  been  associated  with  HCLF  intake  (18-21).  The  impact  HCLF  intake  has  on 
postprandial  plasma  lactate  was  illustrated  by  Surina  and  colleagues.  Following  the 
consumption  of  just  one  HCLF  meal  (78%  CHO:6%  fat),  postprandial  plasma  lactate 
levels  were  significantly  increased;  lactate  levels  remained  elevated  throughout  the  three- 
hour  testing  period.  Conversely,  plasma  lactate  levels  were  not  affected  by  the 
consumption  of  a  high  fat  (33%  CHO:52%  fat)  meal.  Using  the  hyperinsulinemic  clamp 
technique  during  euglycemia  and  hyperglycemia,  Felley  (21)  reported  that  variations  of 
lactatemia  paralleled  those  of  nonoxidative  glucose  disposal,  which  was  markedly 
increased  by  hyperglycemia.  These  results  support  the  existence  of  a  lactate  shuttle  and 
suggest  that  lactate  may  even  be  a  marker  of  glucose  storage. 

The  augmented  formation  of  lactate  versus  pyruvate  has  been  attributed  to 
lactate  dehydrogenase  (LDH),  the  terminal  enzyme  of  the  glycolytic  pathway. 

The  fact  that  the  catalytic  activity  of  LDH  (V^ax)  far  exceeds  the  activities  of  alternative 
enzymes  competing  for  pyruvate,  may  explain  the  diversion  of  glycolytic  carbon  flow 
into  lactate.  In  addition  to  the  activity  of  LDH,  its  thermodynamic  equilibrium  and  km 
(0.08  mM)  also  favor  the  conversion  of  pyruvate  to  lactic  acid  (80).  For  these  reasons. 


28 


Brooks  and  associates  (80,  84)  conclude  that  lactic  acid  will  inevitably  be  formed  as  a 
result  of  accelerated  metabolism. 

The  essence  of  the  lactate  shuttle  has  been  confirmed  in  animals  by  Issekutz  (85) 
who  infused  [^H]  glucose  and  [''’CJlactate  into  exercising  dogs.  In  those  animals,  |3 
blockade  during  exercise  inhibited  muscle  glycogenolysis  and  caused  the  lactate 
appearance  rate  to  decline  and  approach  the  glucose  disappearance  rate. 

If  the  lactate  shuttle  does  operate,  one  might  consider  why  nature  would  provide 
for  the  formation  of  lactate  under  fully  aerobic  conditions.  Interestingly,  the  formation 
of  lactate  appears  to  endow  the  organism  with  a  great  deal  of  flexibility  in  solving 
problems  of  metabolic  regulation.  As  pointed  out  in  tracer  kinetic  studies  of  lactate 
metabolism  in  humans,  lactate  may  serve  a  vital  role  in  distributing  oxidizable  substrate 
to  the  body  (81, 76).  Mazzeo  and  colleagues  (81)  reported  that  approximately  50%  of 
lactate  turnover  is  metabolized  to  carbon  dioxide  at  rest.  Furthermore,  oxidation  of 
lactate  becomes  the  major  fate  of  lactate  removal  during  exercise.  Alternatively,  if 
lactate  is  not  oxidized,  it  may  be  converted  to  glycogen  or  the  lipid  precursor,  acetyl- 
CoA  (76). 

Lactate’s  role  in  the  synthesis  of  glycogen  has  received  much  attention.  It  has 
long  been  accepted  that  after  the  ingestion  of  a  carbohydrate  load,  a  large  fraction  of  the 
absorbed  glucose  is  taken  up  by  the  liver  and  directly  converted  into  glycogen  (86). 
However,  several  laboratories  have  demonstrated  that  glucose,  even  in  the  presence  of 
insulin,  is  a  poor  precursor  for  glycogen  synthesis  (86-89).  It  is  now  established  that 
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only  40  to  50%  of  hepatic  glycogen  formed  after  an  overnight  fast,  is  from  glucose  after 
its  phosphorlylation  in  the  liver,  or  by  the  “direct”  pathway”  (90). 

Conversely,  the  remainder  of  glycogen  is  generated  by  the  gluconeogenic  or 
“indirect”  pathway  (90, 91).  To  illustrate,  following  the  administration  of  -lOOg  of 
glucose,  gluconeogenic  (indirect)  production  of  glycogen  in  humans  was  found  to  be 
~15g,  compared  with  lOg  of  glucose  which  metabolized  directly  into  glycogen  (91) 
These  findings  have  been  strengthened  by  similar  findings  reported  by  Magnusson  and 
co-workers  (92)  who  established  that  the  indirect  pathway  of  liver  glycogen  formation  is 
operative  in  the  fed  state  as  well  as  the  fasted  state.  Researchers  have  reasoned  that  the 
limited  capacity  for  hepatic  glucose  utilization  may  be  due  to  a  low  level  of  glucokinase 
combined  with  the  variable  rates  of  futile  cycling  caused  by  the  activity  of  glucose-6 
phosphatase  (86, 93). 

For  glycogen  formation  to  proceed  by  the  indirect  pathway,  glucose  from  dietary 
carbohydrate  enters  the  systemic  circulation  and  is  transported  to  the  periphery,  where  it 
is  converted  to  lactate.  Because  of  the  large  glycolytic  capacity  of  skeletal  muscle,  it  is 
assumed  that  muscle  is  the  site  of  lactate  formation.  Lactate  released  into  the  systemic 
circulation  is  then  taken  up  by  the  liver  and  converted  to  glucose  6-phosphate  (via 
gluconeogenesis)  and  ultimately  to  glycogen  (94). 

While  lactate  may  be  serve  as  a  gluconeogenic  substrate,  or  be  oxidized  and 
utilized  for  energy,  lactate  may  also  function  as  a  precursor  for  lipogenesis.  Evidence  in 
rodents  demonstrates  that  glucose  administration  acts  as  a  trigger  for  lipid  synthesis,  but 
the  hexose  serves  only  indirectly  (via  lactate  or  glycogen)  as  a  precursor  for  lipogenesis 
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in  the  liver  (22).  In  this  study,  rats  refed  a  high  carbohydrate  diet  after  a  fast  exhibited  a 
very  high  liver  glycogen  content  and  very  efficient  hepatic  lipogenesis.  Furthermore, 
hepatocytes  from  these  rats  showed  that  glycogen  is  the  major  source  of  lipid. 

Therefore,  it  appears  that  refeeding  after  a  fast  leads  first  to  replenishment  of  the 
glycogen  stores  which  then  serve  as  a  source  of  pyruvate  and  acetyl-coenzyme  A  for 
lipogenesis  (93). 

To  summarize,  lactate  may  undergo  one  of  three  possible  metabolic  fates.  If  not 
oxidized  via  the  citric  acid  cycle,  lactate  may  reenter  the  circulation  as  glucose. 
Alternatively,  if  glycogen  stores  are  sufficient,  lactate  may  be  converted  to  acetyl-CoA  in 
order  to  serve  as  a  precursor  for  lipid  synthesis.  To  my  knowledge,  the  effect  long-term 
HCLF  consumption  has  on  fasting  plasma  lactate  levels  has  not  been  reported.  Since  it 
is  well  established  that  lactate  can  serve  as  a  substrate  for  either  gluconeogenesis  or 
lipogenesis,  this  information  may  be  very  valuable. 

Ketones 

In  the  fed  state,  glycogen  and  fatty  acid  synthesis  are  active.  Inversely,  fatty  acid 
oxidation  and  thus,  ketone  body  production  is  virtually  absent.  The  abundance  of  insulin 
in  the  fed  state  is  offset  by  a  low  concentration  of  glucagon.  Malonyl-CoA,  the  first 
committed  intermediate  in  fatty  acid  biosynthesis,  is  present  in  maximal  concentration 
and  ultimately  leads  to  long-chain  fatty  acid  synthesis.  Newly  formed  FFA  are  converted 
to  TG,  packaged  as  VLDL  molecules,  and  transported  to  adipose  tissue  for  storage  (94). 
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Each  one  of  these  processes  is  reversed  subsequent  to  only  a  few  hours  of 
fasting.  Glycogen  breakdown  replaces  glycogen  synthesis,  activating  gluconeogenesis. 
The  increase  in  glucagon  which  accompanies  the  fasting  state  as  well  as  diabetes, 
provides  the  stimulus  for  hepatic  ketogenesis  to  start  (94).  A  decrease  in  malonyl-CoA 
concentration  is  coupled  with  a  rise  in  hepatic  carnitine,  a  cosubstrate  essential  for  the 
ketogenic  process  (95).  With  the  cessation  of  fatty  acid  synthesis,  FFA  are  mobilized  to 
the  liver  from  peripheral  fat  stores.  The  rate  at  which  FFA  are  oxidized  increases  while 
esterification  to  TG  and  phospholipids  declines  (94,  96,  97).  The  concomitant  increase 
in  hepatic  carnitine  levels  and  FFA  ensure  the  onset  of  ketogenesis  (94,  95). 

Once  activated,  the  rate  of  ketogenesis  is  determined  primarily  by  the  availability 
of  FFA  (98).  In  normal  persons,  excessive  lipolysis  is  prevented  through  insulin  release 
which  is  stimulated  when  ketone  body  levels  reach  2-4  mM  (94).  In  the  absence  of 
insulin,  as  in  Type  I  diabetes,  this  safeguard  is  lacking.  Therefore,  when  lipolysis  and 
ketone  body  formation  is  uncontrolled,  ketoaeidosis  is  not  prevented  (94). 

During  ketogenesis,  the  liver  produces  acetoacetic  and  P-hydroxybutyrate 
(BHB),  or  ketone  bodies.  By  enhancing  its  capacity  to  convert  incoming  fatty  acids  into 
ketone  bodies,  the  liver  provides  auxiliary  fuel  sources  for  nonhepatic  tissues.  The  body 
relies  on  ketones  as  an  alternative  fuel  source  when  carbohydrate  is  in  short  supply  or 
cannot  be  efficiently  utilized.  Additionally,  ketogenesis  spares  glucose  for  certain  tissues 
and  cells  such  as  the  central  nervous  system  and  erythrocytes  which  are  dependent  on  a 
continual  supply  of  glucose.  In  prolonged  starvation,  ketones  spare  the  breakdown  of 
muscle  protein  for  purposes  of  gluconeogenesis  (98). 
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Since  the  ketone  body,  BHB,  is  fomed  almost  exclusively  in  the  hver  secondary 
to  fatty  acid  oxidation  (18),  it  provides  a  convenient  and  measurable  indicator  of  hepatic 
fatty  acid  oxidation.  P-hydroxybutyrate  concentrations  were  compared  in  men  to 
investigate  whether  the  fat  content  of  a  single  meal  influences  fat  oxidation  (18).  The 
plasma  BHB  level  steadily  increased  with  time  following  the  high  fat  meal  (33%CHO: 
52%  F)  while  it  remained  constant  following  the  high  carbohydrate  (78%  CHO:  6%  F) 
meal.  Furthermore,  BHB  measurements  following  the  high  fat  condition  were 
significantly  higher  at  all  timepoints  than  after  the  high  carbohydrate  meal.  These  results 
indicate  that  hepatic  fatty  oxidation  was  higher  following  the  high  fat  meal  as  compared 
to  the  equicaloric  high  carbohydrate  meal.  Since  meals  were  equicaloric  and  the 
carbohydrate  content  of  the  two  test  meals  were  not  equal,  these  results  do  not  appear  to 
conflict  with  previous  conclusions  regarding  substrate  oxidation. 

Indirect  calorimetry  &  respiratory  quotient  (RQ) 

The  biochemical  pathways  by  which  the  macronutrients,  carbohydrate,  fat  and 
protein  are  metabolized  in  the  body  are  well  established.  Despite  this,  factors  which 
determine  the  flux  through  these  pathways  are  less  well  understood.  The  use  of  RQ  is 
one  experimental  approach  which  has  been  utilized  to  estimate  the  flux  of  major  nutrients 
through  different  pathways. 

The  RQ  compares  the  amount  of  inspired  oxygen  required  to  metabolize  dietary 
intakes  of  individual  nutrients  with  the  amount  of  carbon  dioxide  expired  (99,  100). 
Because  the  number  of  hydrogen  atoms  that  must  be  combined  with  oxygen  to  form 
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water  varies  between  metabolic  fuels,  each  fuel  is  characterized  by  a  different  RQ.  For 
example,  since  the  number  of  CO2  molecules  produced  equals  the  number  of  oxygen 
molecules  consumed,  the  RQ  for  the  complete  oxidation  of  carbohydrate  is  1.00.  The 
number  of  hydrogen  atoms  that  must  be  combined  with  oxygen  to  form  water  is  much 
greater  in  fats  than  in  either  proteins  or  carbohydrates.  Therefore,  the  oxidation  of 
carbohydrate  and  protein  is  more  efficient  with  respect  to  oxygen  consumption  than  is  fat 
and  the  resultant  RQ  for  fat,  0.70,  reflects  this  (101). 

The  RQ  changes  as  the  body  shifts  the  types  of  body  fuels  being  oxidized.  The 
body’s  ability  to  change  the  rates  of  flux  through  different  pathways  permits  the  supply 
of  appropriate  nutrients  to  different  tissues  under  different  physiological  conditions.  To 
illustrate,  fat  provides  the  major  source  of  energy  during  fasting;  therefore,  fasting  RQs 
are  typically  ~0.7-0.8.  In  contrast,  the  RQ  is  very  sensitive  to  carbohydrate  intake. 
Accordingly,  the  RQ  will  rise  to  ~1  during  a  meal,  regardless  of  the  fat  content  in  the 
meal  (31).  The  length  of  time  the  RQ  remains  elevated  is  related  to  the  carbohydrate 
content  of  the  meal  as  well  as  the  body’s  glycogen  stores  previous  to  the  meal  (18). 

As  illuded  to,  energy  balance  is  also  reflected  in  the  RQ.  For  example,  when 
energy  intake  remains  below  the  amount  of  energy  expended,  the  fuel  mixture  will 
contain  a  higher  proportion  of  fat  than  what  is  provided  in  the  diet.  Hence,  the  ensuing 
RQ  will  approach  0.7  (102).  Conversely,  energy  intake  in  excess  of  energy  expenditure 
will  result  in  an  elevated  RQ  (103). 

The  noninvasive  nature  of  indirect  calorimetry  makes  it  a  convenient 
experimental  approach  to  measure  the  effect  substrate  utilization  has  on  energy 
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expenditure.  By  concurrently  measuring  a  subject’s  rate  of  oxygen  consumption  and 
their  carbon  dioxide  production  over  a  given  amount  of  time,  the  researcher  can 
calculate  the  amount  of  energy  expended.  This  estimation  is  based  on  the  assumption 
that  all  the  oxygen  is  used  to  oxidize  degradable  fuels  and  all  the  carbon  dioxide 
produced  is  recovered .  Moreover,  indirect  calorimetry  provides  information  on  the  type 
and  rate  of  substrate  utilization  in  vivo  (101). 

Additionally,  indirect  calorimetry  can  be  combined  with  other  research  methods. 
Stable  isotope  analysis  allows  the  assessment  of  substrate  oxidation  through  the 
measurement  of  plasma  FFA  oxidation.  In  contrast,  indirect  calorimetry  estimates  net 
whole  body  lipid  oxidation.  Therefore,  the  difference  between  these  values  may  provide 
an  estimate  of  tissue  lipid  oxidation  (103). 
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SECTION  3 

The  Glucose  Fatty  Acid  Cycle 

Substrate  utilization  which  is  independent  of  hormonal  control 

Over  twenty  years  ago,  Randle  and  colleagues  proposed  the  existence  of  a 
glucose  fatty  acid  cycle,  by  which  enhanced  release  of  FFA  from  muscle  or  adipose 
tissue  alters  glucose  metabolism  in  muscle  independently  of  hormonal  control  (36). 
Evidence  is  now  available  to  verify  that  this  cycle  operates  in  both  heart  and  skeletal 
muscle  in  humans  (104). 

The  mechanism  by  which  FFA  inhibit  glucose  metabolism  remains  controversial. 
An  increase  in  FFA  oxidation  by  muscle  will  increase  the  molar  ratios  of  NADFI/NAD 
and  acetyl  CoA/CoA  (36).  The  increase  in  acetyl  CoA  can  inhibit  pyruvate 
dehydrogenase  activity  and  lead  to  augmented  release  of  lactate  and  diminished  glucose 
oxidation  (105).  Realizing  this,  Randle  et  al.  originally  proposed  that  decreased  rates  of 
glucose  flux  through  the  oxidative  pathway  would  favor  redirection  of  glucose 
metabolism  towards  glycogen  synthesis  (36). 

Other  researchers  (21, 106)  have  suggested  that  these  changes  in  metabolic 
milieu  initiate  a  chain  of  metabolic  events  which  affect  glucose  storage  as  well  as 
glucose  oxidation.  The  accumulation  of  citrate  is  favored  by  the  inhibition  of  the  Krebs 
cycle  (by  the  increased  NADH/NAD  ratio)  and  the  increase  in  acetyl  CoA.  Citrate,  a 
potent  inhibitor  of  phosphofructokinase,  slows  down  glycolytic  flux.  With  the  inhibition 
of  phosphofructokinase,  glucose-6-phosphate  accumulates  and  the  glycolytic  enzyme. 
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hexokinase,  becomes  inhibited.  The  proposed  end  result  is  decreased  glucose  transport 
into  muscle  cells  with  a  consequent  decrease  in  glycogen  formation. 

Insulin  enhances  glucose  utilization 

Insulin  can  alter  the  regulation  of  the  glucose  fatty  acid  cycle  by  virtue  of  its 
effect  on  glucose  uptake.  Once  glucose  is  absorbed  by  tissues,  glucose  disposal  may 
occur  through  either  oxidative  or  nonoxidative  mechanisms.  The  oxidation  of  glucose  to 
carbon  dioxide  and  water  occurs  by  the  citric  acid  cycle  or  the  pentose  shunt. 
Nonoxidative  glucose  disposal  may  result  in  glycogen  synthesis,  anaerobic  glycolysis, 
conversion  of  glucose  to  fat,  or  the  transformation  of  intermediary  products  of  glucose 
into  amino  acids  (107).  Quantitatively,  glycogen  synthesis  is  the  most  important 
pathway  for  nonoxidative  glucose  disposal  (21). 

Additionally,  insulin  enhances  glucose  utilization  by  inhibiting  FFA  lipolysis  (108) 
and  enhancing  FFA  esterification,  (109).  Insulin  also  enhances  glucose  utilization 
through  its  action  on  FFA.  The  plasma  FFA  concentration  is  determined  by  the  rate  of 
FFA  lipolysis  occurring  in  adipose  tissue  and  the  rate  of  ITA  disappearance  from  plasma. 
Removal  of  FFA  occurs  by  one  of  two  pathways:  FFA  may  be  oxidized  to  carbon 
dioxide  and  water  or  reesterified  into  TG  (44). 
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Elevated  plasma  FFA  levels  inhibit  insulin  stimulated  glucose  utilization 

Randle  and  colleagues  (36)  reported  that  metabolic  changes  observed  following 
the  administration  of  FFA  to  muscles  of  normal  fed  rats  were  also  present  in  perfused 
hearts  and  diaphragms  of  alloxan  diebetic  rats.  This  observation  led  Randle  et  al.  to 
propose  that  elevated  plasma  concentrations  of  FFA  are  responsible  for  the  concomitant 
decrease  in  insulin  sensitivity. 

By  infusing  healthy  subjects  with  a  triglyceride  emulsion,  such  as  Intralipid, 
researchers  are  able  to  measure  the  effect  elevated  plasma  FFA  have  on  healthy 
individuals.  The  increases  in  FFA  levels  achieved  by  infusing  lipid  are  similar  to  those 
observed  in  other  insulin  resistant  conditions  including  obesity,  diabetes,  and  disorders 
of  lipid  metabolism  (106).  However,  the  acute  induction  of  elevated  FFA  through  lipid 
infusion  may  not  be  an  ideal  model  for  insulin  resistant  conditions  in  that  FFA  are 
chronically  elevated  in  obesity,  diabetes,  and  disorders  of  lipid  metabolism.  The  effect  of 
chronically  elevated  FFA  on  FFA  turnover  and  cellular  glucose  metabolism  may  be 
quantitatively  different  from  the  results  obtained  in  acute  studies  (106).  Nonetheless,  the 
infusion  of  lipid  emulsion  provides  a  practical  way  to  examine  the  impact  PTA  have  on 
glucose  metabolism. 

Using  lipid  infusion,  Ferrannini  and  colleagues  examined  the  consequences  of 
physiological  elevations  of  FFA  concentrations  on  glucose  production  and  utilization  by 
creating  conditions  of  euglycemic  hyperinsulinemia  and  hyperglycemic  hyperinsulinemia 
in  healthy  volunteers  (105).  Their  work  illustrates  that  acute,  physiological  elevations  of 
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plasma  FFA  levels  inhibit  insulin-stimulated  glucose  utilization  and  that  hyperglycemia 
does  not  overcome  this  inhibition. 

Groop  and  colleagues  studied  the  mechanisms  of  insulin  resistance  in  the 
presence  of  elevated  plasma  FFA.  To  examine  FFA  and  glucose  metabolism  they  used 
the  sequential  insulin  clamp  technique  in  combination  with  indirect  calorimetry  and 
infusion  of  [3-^  H]  glucose  and  [l-'^^C]  palmitate  (44).  Because  the  presence  of  an 
enlarged  fat  mass,  as  seen  in  obesity,  is  associated  with  an  increased  supply  of  plasma 
FFA  (72, 1 10,  1 1 1),  obese  subjects  were  selected  for  this  study.  The  increased  supply  of 
plasma  FFA  which  characterized  the  obese  subjects  appeared  to  result  from  increased 
lipolysis  of  the  available  fat  mass.  In  obese  subjects,  higher  insulin  dosages  were 
required  for  the  stimulation  of  glucose  disposal  and  inhibition  of  hepatic  glucose 
production  than  in  lean  controls.  Additionally,  FFA  metabolism  was  less  sensitive  to 
insulin  in  obese  than  in  lean  controls.  However,  the  elevated  FFA  concentrations  could 
be  normalized  at  insulin  concentrations  in  the  high  physiological  range.  These  findings 
suggest  that  in  uncomplicated  obesity  the  enhanced  FFA  flux  emerges  from  the  enlarged 
fat  mass  but  is  under  physiological  control  by  (high)  insulin  concentrations  (44). 
Additionally,  the  increased  availability  and  oxidation  of  FFA  leads,  by  the  glucose  fatty 
acid  cycle,  to  the  impairment  of  glucose  utilization. 

Groop  and  co-workers  provided  additional  insights  to  the  insulin  insensitivity 
seen  in  human  obesity  by  using  a  stepwise  insulin  clamp  technique  in  combination  with 
indirect  calorimetry  and  infusion  of  [l-’^^C]  palmitate  (112).  Once  again,  basal  FFA 
turnover  was  enhanced  and  less  suppressed  by  insulin  in  obese  subjects.  However,  FFA 
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turnover  expressed  per  kilogram  fat  mass  was  normal  and  normally  suppressed  by 
insulin.  From  this  data,  the  authors  conclude,  in  subjects  with  uncomplicated  obesity,  the 
adipose  cell  is  normally  sensitive  to  insulin  and  increased  FFA  turnover  is  simply  a 
consequence  of  the  enhanced  fat  mass. 


Elevated  plasma  FFA  levels  decrease  glucose  disposal 

Calorimetric  studies  have  confirmed  that  increased  lipid  oxidation  does  result  in 
the  inhibition  of  glucose  oxidation.  Using  two  types  of  glucose  tolerance  tests  along 
with  indirect  calorimetry,  Gomez  and  colleagues  (113)  showed  that  infusion  before  a 
glucose  load  was  followed  by  an  increased  lipid  oxidation  and  that  carbohydrate 
oxidation  was  diminished.  The  glucose  load  without  fat  infusion  induced  a  rapid  increase 
of  carbohydrate  oxidation  and  a  decrease  of  lipid  oxidation.  Conversely,  glucose 
tolerance  was  found  to  be  depressed  by  the  simultaneous  administration  of  lipids  and  the 
insulin  response  to  a  glucose  load  was  significantly  increased.  Findings  were  similar 
following  a  90-minute  i.v.  glucose  infusion  with  and  without  lipid  infusion.  The  rate  of 
disappearance  of  blood  glucose  was  significantly  decreased  during  lipid  administration. 

A  similar  inhibition  of  glucose  oxidation  by  FFA  has  been  described  following  the 
ingestion  of  oral  (114)  or  intravenous  (105, 1 13,  115)  glucose  in  man. 

Despite  the  elevated  insulin  concentrations  typically  associated  with  excessive 
adipose  tissue  mass,  increased  FFA  concentrations  accompany  increases  in  fat  mass  (72). 
The  transport  of  FFA  inside  the  cell  for  oxidation  appears  to  be  dependent  upon  the 
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plasma  FFA  concentration  (44).  As  a  result,  FFA  utilization  may  depend  primarily  on 
their  plasma  concentration.  If  plasma  FFA  concentration  is  the  major  determinant  of  the 
rate  of  plasma  FFA  oxidation,  it  seems  likely  that  net  lipid  oxidation  is  increased  in 
subjects  who  have  an  expanded  fat  mass. 

To  determine  if  fat  oxidation  is  increased  in  those  with  increased  fat  mass,  Golay 
and  colleagues  (72)  studied  the  contribution  of  fat  oxidation  to  energy  utilization  in 
obese  subjects  by  using  continuous  indirect  calorimetry  in  the  course  of  an  oral  glucose 
tolerance  test  (OGTT).  Fasting  FFA  levels  were  slightly  but  not  significantly  increased 
in  the  obese  patients  when  compared  to  lean  controls.  However,  basal  lipid-oxidation  as 
well  as  total  lipid  oxidation  following  the  glucose  load  was  increased  in  the  obese 
subjects.  Several  other  recent  studies  have  also  indicated  that  lipid  oxidation  may  be 
enhanced  in  obese  as  well  as  diabetic  subjects  (116-118). 


Elevated  FFA  limit  insulin’s  ability  to  stimulate  glucose  oxidation 

By  employing  a  euglycemic  insulin  clamp  technique  in  combination  with  indirect 
calorimetry,  Thiebaud  et  al.  (107)  demonstrated  that  the  ability  of  insulin  to  stimulate 
glucose  oxidation  is  quite  limited.  During  the  infusion  of  insulin  at  five  progressively 
increasing  levels,  glucose  uptake  sequentially  rose  with  increasing  plasma  insulin 
concentrations.  At  the  same  time,  glucose  oxidation  concurrently  represented  a 
progressively  smaller  amount  of  glucose  uptake.  When  hyperglycemia  was  created, 
glucose  oxidation  failed  to  increase  significantly  above  that  observed  during  euglycemic 
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hyperinsulinemic  conditions.  Conversely,  the  total  rate  of  glucose  uptake  increased 
nearly  three-fold.  These  results  indicate  that  insulin’s  ability  to  stimulate  glucose 
oxidation  is  limited.  Secondly,  at  high  rates  of  glucose  uptake,  glucose  storage  may 
represent  the  major  fate  of  glucose  disposal. 

Felber  and  colleagues  (116)  utilized  both  euglycemic  insulin  clamp  and  OGTT 
methods  along  with  continuous  indirect  calorimetry  to  measure  substrate  oxidation  and 
nonoxidative  glucose  disposal  in  obese  subjects.  As  previously  reported  by  Gomez  (1 13) 
and  others  (44, 1 15),  increased  rates  of  lipid  oxidation  were  observed  in  obese  subjects 
in  the  postabsorptive  state  (OGTT),  and  in  response  to  insulin  stimulation  (insulin  clamp) 
in  comparison  with  lean  controls.  Basal  glucose  oxidation  was  significantly  decreased  in 
obese  subjects  compared  with  age-matched  lean  controls.  During  both  the  OGTT  and 
the  euglycemic  clamp,  insulin-stimulated  glucose  oxidation  was  far  lower  in  obese 
subjects  than  in  lean  subjects.  These  findings  suggest  that  in  obese  subjects, 
characterized  by  increased  rates  of  lipid  oxidation,  the  stimulation  of  glucose  oxidation 
by  insulin  is  blunted.  Interestingly,  nonoxidative  glucose  disposal  was  markedly  inhibited 
in  obese  patients  during  the  euglycemic  insulin  clamp  yet  during  the  OGTT,  glucose 
uptake  was  normal. 
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Elevated  FFA  inhibit  both  oxidative  and  non-oxidative  glucose  disposal 

Utilizing  the  euglycemic  insulin  clamp  technique  in  combination  with  indirect 
calorimetry,  Thiebaud  (106)  demonstrated  that  FFA  exert  an  inhibitory  effect  on  glucose 
utilization  through  both  glucose  oxidation  and  glycogen  synthesis.  At  each  of  three 
insulin  dosages,  hyperlipidemia  caused  a  significant  reduction  in  total  glucose  uptake 
which  was  reflected  by  a  decrease  in  both  total  glucose  oxidation  and  glucose  storage. 
Additional  subjects  studied  during  a  lower  infusion  rate  of  Intralipid  revealed  that 
maintaining  FFA  concentration  constant  at  basal  level  is  sufficient  to  inhibit  the  insulin- 
mediated  glucose  utilization. 

Glucose  storage  values  are  obtained  as  the  difference  between  total  glucose 
disposal  and  glucose  oxidation.  During  the  lipid  infusion,  the  decrease  in  glucose 
storage,  or  glycogen  synthesis,  during  each  of  the  three  insulin  clamp  studies  was  greater 
than  the  decrease  in  glucose  oxidation.  These  findings  suggest  the  inhibitory  effect  of 
elevated  FFA  levels  on  glycogen  synthesis  contributed  more  to  the  impairment  in  glucose 
tolerance  than  did  the  defect  in  glucose  oxidation. 

Despite  the  findings  reported  by  Thiebaud  and  colleagues  (106),  when  a  similar 
lipid  infusion  was  given  during  an  OGTT,  hyperglycemia  developed  but  no  change  in 
glucose  storage  was  measured  (119).  As  pointed  out  earlier,  the  results  reported  by 
Felber  (116)  showed  that  the  inhibition  of  glucose  storage  secondary  to  elevations  in 
plasma  FFA  only  becomes  evident  during  the  euglycemic  hyperinsulinemic  clamp.  This 
suggests  that  the  impairment  in  glycogen  synthesis  observed  exclusively  during  the 


43 


euglycemic  hyperinsulinemic  clamp  is  compensated  for  by  a  rise  in  glycemia  and 
insulinemia  during  the  OGTT.  Additionally,  physiological  hyperglycemia  along  with 
hyperinsulinemia  may  function  as  a  compensatory  mechanism  to  offset  the  defect  in 
nonoxidative  glucose  metabolism  concomitant  with  elevated  FFA  oxidation  (116). 


Hyperglycemia-a  regulatory  mechanism  for  increased  glucose  storage? 

For  this  reason,  Felley  and  co-workers  assessed  the  role  of  hyperglycemia  on  the 
lipid  -induced  inhibition  of  glucose  storage  during  steady-state  conditions  of  glycemia 
and  insulinemia  (21).  Healthy  volunteers  were  studied  on  four  occasions  using  the 
hyperinsulinemic  clamp  technique,  twice  during  euglycemia  and  twice  during 
hyperglycemia,  with  and  without  Intralipid.  Comparison  of  oxidative  and  nonoxidatiwe 
glucose  disposal  during  euglycemia  (90  mg/dl)  and  hyperglycemia  (150  mg/dl)  enabled 
Felley  and  co-workers  to  confirm  that  hyperglycemia  concurrent  with  hyperinsulinemia  is 
a  potent  stimulus  of  nonoxidative  glucose  disposal  (107).  During  euglycemia,  oxidative 
and  nonoxidative  glucose  disposal  occurred  in  equal  proportions.  By  contrast,  the 
amount  of  nonoxidative  glucose  disposal  nearly  doubled  that  of  oxidative  disposal  during 
the  150  mg/dl  hyperglycemia.  These  findings  imply  that  glucose  oxidation  saturates 
under  conditions  in  which  glycogen  synthesis  can  still  increase  (21). 

Following  lipid  infusion,  insulin-mediated  glucose  disposal  was  significantly 
impaired.  However,  the  proportion  of  glucose  disposed  oxidatively  or  nonoxidatively 
was  not  affected.  Thus,  lipid  infusion  during  euglycemia  resulted  in  oxidative  and  non- 
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oxidative  glucose  diposal  in  a  one-to  one  ratio.  Conversely,  lipid  infusion  during 
hyperglycemia  caused  the  oxidative  and  nonoxidative  disposal  ratio  to  drop  so  that 
nonoxidative  glucose  disposal  nearly  doubled  oxidative  glucose  disposal.  This  study 
confirms  the  existence  of  physiological  regulatory  mechanisms  in  which  the  rise  in 
plasma  FFA  inhibits  both  glucose  oxidation  and  glucose  disposal  or  glycogen  formation 
(106). 

If  the  Intralipid  infusion  employed  in  the  above  study  can  represent  a  model  for 
the  increase  in  lipid  metabolism  observed  in  insulin  resistant  conditions,  these  results 
imply  that  the  slight  increase  in  glycemia  that  follows  the  inhibition  of  glucose  disposal 
compensates  for  decreased  glucose  disposal  as  a  positive-feedback  mechanism. 
Additionally,  the  glucose  intolerance  frequently  recognized  in  obesity  and  other  insulin 
resistant  conditions  may  serve  as  a  response  to  decreased  insulin-mediated  glucose 
disposal  while  providing  a  regulatory  mechanism  by  which  glucose  storage  can  still 
proceed,  but  at  higher  glycemian  (21). 

Unfortunately,  the  increased  glucose  storage  induced  by  hyperglycemia  and 
hyperinsulinemia  may  in  turn  heighten  the  insulin  resistant  condition.  Because  glucose 
storage  is  regulated,  in  part,  by  the  metabolic  state  that  precedes  glucose  administration 
(120),  the  compensatory  rise  in  glycemia  reduces  the  glucose  mobilization  from  glycogen 
stores.  As  a  result,  glucose  levels  have  less  time  to  return  to  basal  levels.  Consequently, 
less  glucose  is  being  mobilized  and  the  resistance  to  glucose  becomes  greater,  inducing 
greater  insulin  insensitivity  (120). 
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Summary 

Elevated  plasma  FFA  appear  to  inhibit  glucose  utilization  through  both  oxidative 
and  nonoxidative  pathways  (106).  However,  the  capacity  to  increase  glucose  storage 
appears  to  exceed  the  body’s  limited  capability  to  increase  glucose  oxidation  during 
insulin  resistant  conditions  (21).  Hyperglycemia  concurrent  with  hyperinsulinemia  is  a 
potent  stimulus  of  nonoxidative  glucose  disposal  (107).  Therefore,  it  appears  that 
Randle  and  colleagues  (36)  were  partially  correct  in  their  assumption  that  glucose 
metabolism  is  redirected  towards  glycogen  synthesis  in  response  to  decreased  rates  of 
glucose  flux  through  the  oxidative  pathway.  However,  the  stimulus  for  increasing 
nonoxidative  glucose  disposal  appears  to  be  hyperglycemia  instead  of  FFA. 
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SECTION  4 

The  Effect  of  HCLF  Intake  on  Plasma  Lipoproteins 

Intervention  trials  measuring  the  effect  of  HCLF  intake  on  lipoproteins 

Three  dietary  factors  have  been  identified  that  raise  serum  LDL-C  levels:  these 
include  saturated  fatty  acids,  dietary  cholesterol,  and  excess  caloric  intake  leading  to 
obesity  (121).  Both  cholesterol  and  saturated  fat  affect  plasma  LDL-C  levels  by  down¬ 
regulating  the  LDL  receptor  and  inhibiting  the  removal  of  LDL-C  from  the  plasma  by  the 
liver.  Additionally,  increased  fat  intake  results  in  an  increased  flux  of  chylomicron 
remnants  into  the  liver  with  a  concomitant  influx  of  cholesterol  ester.  Hence,  the 
restriction  of  fat  intake  has  become  the  cornerstone  of  dietary  recommendations  aimed  at 
reducing  the  risk  of  CHD  (3). 

While  several  nutrients  including  polyunsaturated  fatty  acids,  monounsaturated 
fatty  acids  and  carbohydrates,  can  be  substituted  for  saturated  fatty  acids  to  produce  a 
reduction  in  LDL-C  levels,  this  review  will  focus  on  the  effects  HCLF  intake  has  on 
lipoprotein  metabolism.  Several  lines  of  evidence  have  established  that  diets  in  which 
complex  carbohydrate  is  substituted  for  saturated  fat  lead  to  decreased  concentrations  of 
plasma  LDL-C.  Both  very  high  carbohydrate  diets  (>75%  CHO)  (122-124)  and 
moderately  high  carbohydrate  diets  (50-65%  CHO)  (10, 125-127)  have  been 
demonstrated  to  reduce  plasma  total-cholesterol  and  LDL-C. 

Because  very  high  carbohydrate  diets  are  difficult  to  achieve,  most  studies 
examining  the  effects  of  very  high  carbohydrate  intake  have  utilized  formula  feedings  to 
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provide  the  desired  energy  combination  (122, 123).  In  contrast,  Thuesen  and  colleagues 
(124)  treated  CHD  patients  with  a  diet  containing  75%  carbohydrate  and  10%  of  total 
energy  from  total  fat  for  three  months.  At  the  end  of  the  third  month,  serum  cholesterol 
had  decreased  33%  and  serum  LDL-C  had  decreased  41%  from  pretreatment  values. 

The  mean  reduction  of  serum  cholesterol  was  twice  the  amount  predicted  from  the 
formula  of  Hegsted  et  al  (128).  The  authors  attribute  this  to  an  average  weight  loss  of 
8.6%  occurring  during  this  period.  Serum  TG  and  HDL-C  concentrations  were 
unchanged  from  the  prediet  period  to  the  end  of  month  three.  After  month  three, 
subjects  were  asked  to  maintain  a  diet  as  low  in  fat  as  possible  for  long-term  treatment. 
While  average  fat  intake  increased  to  21.4%,  a  value  still  considered  restrictive  by  most 
treatment  guidelines,  serum  HDL-C  values  increased  by  18%  from  baseline  at  the  end  of 
twelve  months.  Furthermore,  serum  TG  decreased  by  27%  from  baseline  levels. 

Subjects  were  encouraged  to  replace  fat  calories  with  whole  grain  products  and  to  limit 
sugar  intake.  This  may  explain,  in  part,  the  unexpected  increase  in  serum  HDL-C  and 
decrease  in  serum  TG  at  the  twelve  month  point.  Additionally,  the  reduction  in  body 
weight  which  occurred  in  this  population  most  likely  had  a  favorable  effect  on  semm  TG. 

While  most  HCLF  intervention  studies  have  been  limited  to  men,  Geil  (129), 
Kasim  (125),  and  Denke  (10)  have  measured  the  effect  of  HCLF  intake  on  hpid 
metabolism  in  women.  The  total  cholesterol  and  LDL-C-lowering-effects  of  HCLF  diets 
in  women  have  been  demonstrated  through  study  diets  containing  50-65%  energy  from 
carbohydrate  (10,  125,  129).  Kasim  and  co-workers  described  the  long-term  effects  of  a 
diet  providing  15%  of  total  energy  from  fat  on  lipoprotein  metabolism  of  healthy  women. 
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Following  one  year  of  diet  modification,  total  cholesterol  was  decreased  7%  and  LDL-C 
decreased  13%.  Likewise,  HDL-C  decreased  8%.  Plasma  TG  increased  following 
increased  carbohydrate  intake,  though  the  increase  was  not  significant. 

The  AHA  Step  1  diet  limits  cholesterol  intake  to  300  mg  a  day,  contains  30%  fat 
energy,  50-60%  carbohydrate  energy,  and  10-20%  protein  energy.  Although  this  level 
of  fat  intake  remains  higher  than  the  consumption  of  fat  in  societies  where  the  prevalence 
of  ischemic  heart  disease  is  low  (124),  implementation  of  the  Step  1  diet  has  resulted  in 
successful  reduction  of  atherogenic  serum  lipid  levels  in  men  and  women  (10, 129). 

Hypercholesterolemic  women  who  followed  an  American  Heart  Association  Step 
1  diet  (30%  fat/50-60%  CHO)  for  eight  weeks  (129)  averaged  a  9.2%  reduction  in 
serum  total  cholesterol  and  serum  LDL-C  levels.  Additionally,  serum,  HDL-C 
concentrations  fell  3.6%  and  serum  TG  values  dropped  11.3%.  Interestingly,  the  Step  1 
diet  used  in  this  study  was  equally  effective  in  lowering  serum  total  cholesterol,  LDL-C, 
and  the  ratio  of  LDL-C  to  HDL-C  in  women  as  well  as  men.  Those  with  the  highest 
initial  serum  cholesterol  levels  appeared  to  achieve  the  greatest  dietary  response  to 
dietary  modifications  (129). 

A  similar  study  has  reported  the  efficacy  of  the  Step  1  diet  in 
hypercholesterolemic  postmenopausal  women  (10).  Study  length  was  four  months, 
twice  the  length  of  the  study  conducted  by  Geil  et  al  (129).  Despite  this,  the  reported 
reductions  of  lipoproteins  were  less  dramatic  than  those  reported  by  Geil  and  colleagues 
(129).  Total  and  LDL-C  concentrations  were  significantly  decreased.  Average  total 
cholesterol  concentrations  were  reduced  by  5%  while  LDL-C  levels  were  decreased  by 
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6%.  While  changes  in  plasma  HDL-C  and  TG  did  not  reach  significance,  each  tended  to 
decrease. 

These  findings  may  indicate  that  postmenopausal  women  are  less  responsive  to 
moderate  restrictions  in  fat  intake.  However,  decreased  subject  adherence  due  to  limited 
subject  contact  in  this  study  may  also  explain  the  diminished  responsiveness  measured  in 
this  group.  Geil  and  co-workers  (129)  provided  group  classes  as  well  as  individual  visits 
biweekly  to  all  subjects  following  initial  instructions  on  the  AHA  Step  1  diet.  Daily 
nutrient  intakes  were  calculated  based  on  three-day  diet  records  completed  at  four 
timepoints  throughout  the  study.  Completed  food  frequency  questionnaires  were  also 
utilized  to  confirm  satisfactory  compliance  in  this  group.  In  contrast,  researchers 
participating  in  Denke’s  study  had  subject  contact  on  a  monthly  basis  only.  Furthermore, 
additional  nutritional  counseling  was  provided  only  to  patients  identified  as  having 
difficulty  in  achieving  dietary  goals.  Lastly,  nutrient  intake  was  quantified  using  7-day 
food  records  obtained  during  the  last  2  weeks  of  the  diet  periods. 

Effects  of  HCLF  intake  on  HDL-C 

While  the  major  risk  factors  for  CHD  in  women  are  similar  to  those  for  men, 
serum  HDL-C  concentration  is  a  stronger  CHD  risk  predictor  than  is  serum  LDL-C 
level.  A  low  HDL-C  (<  0.90  mmol/L  or  35  mg/dL)  concentration  is  the  strongest 
lipoprotein/lipid  predictor  of  coronary  disease  and  myocardial  infarction  in  women  (3, 

13,  130).  Relationships  between  total,  HDL-C,  LDL-C,  and  TG  were  examined  by  Bass 
and  colleagues  (13)  using  data  spanning  a  fifteen  year  period  in  women  aged  50-69  years 
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of  age  who  participated  in  the  Lipid  Research  Clinics’  (LRC)  Follow-Up  Study.  Women 
with  low  HDL  levels  (<50  mg/dl)  were  more  than  three  times  as  likely  to  die  of  CVD 
than  women  with  high  HDL  levels  50  mg/dl)  at  total  cholesterol  levels  of  200  mg/dl 
or  above.  Their  findings  suggest  elevated  HDL  levels  may  remove  the  increased  risk  of 
cardiovascular  death  generally  associated  with  high  total-  or  LDL-cholesterol  levels. 

Subsequent  to  menopause,  women  typically  experience  a  decrease  in  HDL-C. 
Moreover,  LDL-C  increases  and  ensuing  LDL-C  concentrations  actually  become  higher 
in  post-menopausal  women  than  in  men  of  the  same  age.  Thus,  women’s  lipoprotein 
profile  resembles  that  of  men  for  approximately  the  last  30  years  of  life  (130). 

While  diet  modification  to  achieve  a  HCLF  intake  effectively  reduces  total  and 
LDL-C  levels,  some  scientists  have  expressed  concern  over  reports  of  unfavorable 
decreases  in  HDL-C  associated  with  these  dietary  modifications  (8,  54,  122,  123, 126). 
Both  carbohydrate  intake  and  high  polyunsaturated  to  saturated  fatty  acid  ratios  have 
been  associated  with  decreases  in  plasma  HDL-C  concentrations  in  normal  and 
hypercholesterolemic  subjects  (122).  Unfortunately,  there  is  little  evidence  that  serum 
HDL-C  level  can  be  raised  by  dietary  changes  (3).  However,  those  who  are  physical 
activity  and  do  not  smoke  tend  to  have  higher  plasma  HDL-C  levels  than  individuals  who 
are  obese  or  smoke  or  are  sedentary  (3). 

Although  reductions  in  HDL-C  following  the  consumption  of  a  HCLF  diet  are 
not  universal  (124, 127, 131),  it  appears  common.  The  consumption  of  simple 
carbohydrates  (122)  as  well  as  complex  carbohydrates  (125, 126)  have  been  associated 
with  reductions  in  HDL-C  concentrations.  Reductions  in  plasma  HDL-C  have  not  only 
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been  reported  in  response  to  formula  feedings  (8),  but  also  following  continued 
consumption  of  conventional  carbohydrate-containing  foods  (54, 125, 126). 

Additionally,  the  reported  reduction  in  HDL-C  which  persisted  throughout  a  one  year 
period  during  subject  adherence  to  HCLF  intake  removes  the  likelihood  that  this  effect  is 
transient  (125). 

In  defense  of  HCLF  consumption,  many  have  pointed  out  that  inherently  low 
HDL-C  along  with  low  incidences  of  CHD  are  characteristic  of  populations  which 
chronically  consume  high  carbohydrate  diets  (130,  132).  Additionally,  the  LDL-C/HDL- 
C  ratio  may  actually  be  reduced  if  the  LDL-C  level  falls  in  response  to  decreased 
saturated  fat  intake  that  typically  accompanies  HCLF  intake.  Lastly,  there  is  no  evidence 
that  diets  rich  in  complex  carbohydrates,  which  lower  both  HDL-C  and  LDL-C  levels  are 
associated  with  increased  risk  for  CHD  (3). 

Effects  of  HCLF  intake  on  plasma  TG 

While  low  HDL-C  values  are  considered  strong  predictors  for  risk  of  atherogenic 
disease,  the  relation  between  TG  concentration  and  CHD  is  less  clear  (3).  Elevated 
plasma  TG  values  have  been  found  to  be  a  univariate  risk  factor  for  CHD  in  many 
epidemiologic  studies,  but  this  increase  in  risk  is  not  independent  of  other  lipid  and 
lipoprotein  measures  (133).  For  this  reason,  researchers  have  shown  concern  over 
increases  in  plasma  TG  which  frequently  accompany  HCLF  intake  (53,  54,  56). 

Coulston  and  colleagues  (54)  reported  elevated  TG  concentrations  in  healthy 
subjects  who  consumed  a  HCLF  (60%  CHO/21%  fat)  diet  for  ten  days.  While  the  study 
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length  may  have  been  too  short  to  detect  a  transient  effect  on  plasma  TG,  persistent  TG 
elevations  have  been  observed  in  studies  of  greater  duration  (126,  134, 135). 

The  rate  that  carbohydrate  intake  is  increased  has  been  shown  to  play  a  role  in 
TG  response.  Ullmann  et  al.  (136)  demonstrated  that  by  gradually  increasing  the 
carbohydrate  intake  by  5%  every  ten  days,  consumption  of  a  65%  carbohydrate  diet 
produces  only  minimal  changes  in  TG.  Energy  balance  also  affects  endogenous  TG 
production.  Plasma  TG  generally  decline  when  people  lose  weight;  conversely,  TG 
levels  typically  rise  when  weight  is  gained.  This  effect  is  independent  of  diet  composition 

(137) . 

The  effects  of  dietary  carbohydrates  on  fasting  TG  is  dependent  on  many 
variables.  The  t)^e  of  carbohydrate  appears  to  be  important  factor  in  determining 
carbohydrate’s  effect  on  fasting  TG  levels.  In  fact,  an  increase  in  fasting  TG  values  was 
not  observed  in  several  different  studies  which  employed  diets  containing  large  amounts 
of  natural  carbohydrates  (131).  Sucrose  and  fructose,  in  some  circumstances,  increase 
fasting  TG  more  than  do  starch  or  glucose  (137).  The  plant  fiber  content  of  HCLF  diets 
may  also  attenuate  or  prevent  the  TG  rise  that  generally  occurs  in  the  absence  of  fiber 

(138) . 

To  determine  the  hypolipidemic  effects  of  HCLF  diets  containing  fiber,  men  with 
NIDDM  were  fed  two  weight-maintaining  70%  carbohydrate  diets  for  9  to  14  days.  One 
diet  was  high  in  plant  fiber  (64g)  and  the  other  was  low  in  plant  fiber  (23g).  Fasting 
serum  TG  values  were  higher  in  every  patient  at  the  completion  of  the  HCLF  diet 
without  additional  fiber  than  values  at  the  completion  of  the  HCLF  with  high  fiber.  The 
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high  fiber  HCLF  diets  produced  only  slight  alteration  in  fasting  serum  TG  values  in 
contrast  to  the  low  fiber  HCLF  diets  which  resulted  in  significantly  higher  values. 

The  beneficial  effect  of  more  moderate  intakes  of  fiber  has  been  exhibited  by  both 
Rivellese  et  al.  (127)  and  Cominacini  et  al.  (131).  Hyperlipidemic  subjects  who 
consumed  30g  of  fiber  concurrent  with  a  HCLF  diet  (55%  CHO/27%  fat)  experienced 
significant  reductions  in  TG  levels  at  the  end  of  a  six  month  dietary  intervention  trial 
(127).  Likewise,  Cominacini  and  colleagues  (131)  reported  significant  decreases  in 
plasma  TG  levels  after  45  and  90  days  of  dietary  treatment  (60%CHO/24%  fat)  which 
included  an  average  fiber  consumption  of  27g  of  fiber  a  day.  In  this  study,  the  authors 
took  additional  measures  to  minimize  the  TG  response  to  increased  carbohydrate  intake. 
Starch  accounted  for  -85-90%  of  total  carbohydrate  in  the  HCLF  diet,  resulting  in  lower 
sucrose  intake  than  consumed  in  many  studies  which  produced  carbohydrate-induced 
HTG  (54).  Lastly,  the  HCLF  diet  emphasized  foods  that  have  a  low  glycemic  index. 
While  Cominacini  and  colleagues  were  not  able  to  test  the  effect  each  of  these  factors 
had  on  fasting  plasma  TG  alone,  their  findings  do  establish  that  with  careful  dietary 
management,  fasting  HTG  that  has  been  associated  with  increased  carbohydrate 
consumption  may  be  avoided. 
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SPECIFIC  AIMS 


The  objective  of  this  study  was  to  determine  if  changes  in  plasma  TG 
concentrations  that  occur  in  response  to  HCLF  intake  are  related  to  the  availability  of  the 
substrates  originating  from  dietary  carbohydrates  or  the  substrates  originating  from 
lipolysis  of  adipose  tissue. 

Our  hypothesi  are  that 

1.  Insulin  sensitivity  is  not  compromised  subsequent  to  long-term  increased 
carbohydrate  consumption. 

2.  The  changes  in  plasma  TG  subsequent  to  increased  carbohydrate  consumption  are 
related  to  the  intermediates  of  carbohydrate  metabolism. 

3.  Changes  in  plasma  TG  in  response  to  HCLF  intake  are  not  related  to  the  increased 
availability  of  the  lipolysis  products,  FFA  and  FG. 


The  approach  to  test  these  hypothesi  are: 

1.  to  determine  the  effect  of  long-term  HCLF  diet  consumption  on  glucose  oxidation  by 
measuring  plasma  lactate  and  fasting  RQ. 

2.  to  examine  the  effect  of  HCLF  intake  on  lipolysis  through  the  analysis  of  the  lipolysis 
products,  plasma  FFA  and  FG. 

3.  to  investigate  the  effect  of  a  stepwise  increase  in  carbohydrate  consumption  on  fasting 
plasma  insulin  and  glucose  concentrations. 

4.  to  assess  the  effects  of  a  stepwise  increase  in  dietary  carbohydrate  intake  on  plasma 
lipoproteins  and  TG  in  postmenopausal  women  through  the  measurement  of  plasma 
total-,  LDL-,  and  HDL-cholesterol,  and  TG,  as  well  as  the  assessment  of  LDL-to 
HDL-cholesterol  and  total-to  HDL-C  ratios. 
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RATIONALE 


As  the  leading  cause  of  serious  morbidity  and  mortality  in  women,  CHD  has  a 
greater  affect  on  the  quality  of  life  and  independence  of  women  in  their  later  years  than 
any  other  disease  (15).  Coronary  heart  disease  (CHD)  is  responsible  for  the  deaths  of 
more  than  250,000  American  women  each  year  (130, 139).  During  the  past  30  years, 
many  primary  prevention  studies,  conducted  virtually  exclusively  with  men,  have  shown 
that  plasma  total  cholesterol  and  LDL-C  lowering  are  associated  with  a  significant 
reduction  in  CHD  morbidity  and  mortality  in  men  free  from  CVD  (14, 130).  However, 
recent  findings  reveal  that  women  may  not  respond  similarly  to  the  primary  preventive 
measures  effectively  used  in  men  (13, 15).  The  effectiveness  of  extending  these  findings 
to  the  female  population  warrants  further  investigation. 

While  the  1988  report  of  the  NCEP  recognized  that  being  male  was  an 
independent  risk  factor  for  CHD,  it  neglected  to  identify  the  increased  risk  of  CHD  that 
postmenopausal  women  face.  In  their  second  report  however,  the  Expert  Panel  formally 
recognized  that  being  over  the  age  of  55  is  a  positive  CHD  risk  factor  for  females  (2). 

Given  the  impact  CHD  has  on  the  population  of  the  United  States,  primary 
prevention  of  CHD,  which  emphasizes  risk  factor  reduction  to  prevent  or  retard  the 
development  of  CHD  disease,  has  become  a  major  component  of  the  NCEP  guidelines 
(1,2).  The  Adult  Treatment  Panel  (ATP)  of  the  NCEP  has  identified  LDL-C  as  the 
major  atherogenic  lipoprotein  and  established  that  high  levels  of  LDL-C  are  the  primary 
target  for  cholesterol-lowering  therapy  (1,  2).  Dietary  therapy  remains  the  first  line  of 
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defense  in  both  primary  prevention  and  the  treatment  of  high  blood  cholesterol  within  the 
second  set  of  NCEP  guidelines  (2). 

The  NCEP  currently  recoimnends  that  the  general  public  limit  the  intake  of  total 
fat  to  less  than  30%  of  calories,  saturated  fatty  acids  to  less  than  10%  of  calories,  and 
cholesterol  to  less  than  300  mg/d  (1).  These  recommendations  parallel  the  Step  1  diet 
which  is  the  first  line  of  defense  used  to  lower  high  blood  cholesterol  levels  (2). 
Recommendations  to  decrease  cholesterol  and  fat  intake  are  based  on  the  finding  that 
both  dietary  cholesterol  and  saturated  fatty  acids  increase  plasma  LDL-C  levels  by  down¬ 
regulating  the  LDL  receptor  (3). 

Using  data  from  female  participants  in  the  LRC  Follow-Up  Study,  Bass  and 
colleagues  recently  characterized  the  relationships  between  CVD  death  and  serum  lipid 
and  lipoprotein  concentrations  in  women  aged  50  to  69  years  of  age.  Their  findings 
provide  evidence  that  HDL  concentration  is  a  stronger  predictor  of  CVD  mortality  in 
women  older  than  50  years  than  total  cholesterol  concentration.  In  fact,  HDL-C  was  the 
most  powerful  predictor  of  cardiovascular  death  in  women  according  to  the  LRC 
Follow-Up  Study  (13, 14).  After  adjustment  for  other  CVD  risk  factors,  HDL-C  less 
than  50  mg/dL  were  strongly  associated  with  cardiovascular  mortality.  Women  with  low 
HDL-C  concentrations  had  a  threefold  increased  risk  of  CVD  death  when  compared  with 
women  with  high  HDL  levels  at  all  concentrations  of  total  cholesterol  above  200  mg/dL. 
Findings  reported  in  both  the  Framingham  Study  and  the  Donolo-Tel  Aviv  Study 
reaffirm  that  the  effects  of  HDL  concentration  on  CVD  risk  outweigh  the  effects  of  total 
cholesterol  level  on  CVD  risk  (13).  Bass  and  colleagues  also  found  that  TG 
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concentrations  were  strong  predictors  of  CVD  death  in  age-adjusted  and  multivariate 
analysis  data  within  the  female  population  studied  in  the  LRC  Fpllow-Up  Study.  Women 
with  HDL  concentrations  less  than  50  mg/dL  and  TG  levels  greater  than  400  mg/dL  are 
at  markedly  increased  risk  of  CVD  death.  Conversely,  LDL-  and  total-cholesterol 
concentrations  were  poor  predictors  of  CVD  mortality.  Examining  Framingham  data, 
Castelli  also  demonstrated  an  association  of  increased  TG  concentrations  with  an 
increased  rate  of  CVD  only  in  women  whose  HDL  concentrations  were  less  than  40 
mg/dL  (140).  These  findings  suggest  that  current  primary  prevention  measures  targeted 
at  decreasing  total-  and  LDL-cholesterol  may  not  effectively  reduce  the  risk  of  CVD  in 
women. 

In  light  of  the  NCEP  emphasis  on  diet  changes  to  reduce  CHD,  these  measures 
need  to  be  investigated  in  women  as  well  as  men.  Since  dietary  fat  and  carbohydrate  are 
reciprocally  related,  recommendations  to  lower  total  fat  are  synonymous  with 
recommendations  to  increase  dietary  carbohydrate.  Increased  consumption  of 
carbohydrate  has  been  associated  with  reductions  in  HDL-C  concentrations  in  both  men 
and  women  (54, 122,  125,  126).  The  results  from  both  the  Framingham  and  LRC 
Studies  indicate  that  even  modest  changes  in  HDL  concentrations  could  have  profound 
effects  on  risk  status  for  coronary  disease  in  women  (13).  Furthermore,  elevations  in 
fasting  plasma  TG  concentrations  are  commonly  reported  following  continued 
consumption  of  HCLF  intake  (53, 54, 56).  Findings  from  the  LRC  Follow-Up  Study 
reveal  that  elevated  TG  levels  are  an  independent  risk  factor  for  CV  death  in  women, 
particularly  in  those  who  have  low  HDL  levels  (141, 142).  Moreover,  plasma  HDL-C 
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and  TG  are  frequently  inversely  related  which  may  infer  TG  have  an  important  role  in  the 
regulation  of  HDL  metabolism  (143).  The  possibility  that  TG  has  an  important  role  in 
establishing  the  type,  size,  and  quantity  of  HDL  particles  underlines  the  importance  of 
understanding  lipoprotein  metabolism  in  women. 

The  primary  goal  of  the  present  study  was  to  examine  the  effects  of  HCLF  intake 
on  substrate  utilization  in  postmenopausal  women.  In  an  effort  to  investigate  the 
relationship  between  modifications  in  lipoproteins  and  substrate  utilization,  substrate 
oxidation  and  lipolysis  variables  were  collected  at  baseline  and  following  each  stepwise- 
reduction  in  fat  intake.  Because  scientific  evidence  suggests  that  the  intracellular 
enzymes  which  process  carbohydrates  produce  lactic  acid  as  a  function  of  metabolism 
(76,  80),  plasma  lactate  was  measured  at  each  of  these  timepoints.  A  number  of  short¬ 
term  HCLF  studies  have  demonstrated  that  lactate  concentrations  are  elevated  following 
HCLF  intake  (18-21).  Scientific  evidence  also  indicates  that  lactate,  which  is  a  3-carbon 
intermediate  of  glucose  metabolism,  is  an  important  precursor  and  stimulator  of 
lipogenesis  in  vivo  (22,  23).  These  studies  suggest  that  the  consumption  of  excess 
carbohydrate  may  promote  the  formation  of  fatty  acids  via  de  novo  lipogenesis  and 
ultimately  contribute  to  the  elevation  of  plasma  TG  observed  subsequent  to  HCLF 
consumption. 

During  the  planning  stages  of  our  study,  the  National  Institute  of  Health  (NIH) 
funded  a  study  designed  to  determine  whether  a  biomarker  for  fat  intake  exists  within  the 
HDL-C  fraction  of  the  plasma  lipids.  The  research  design  of  the  NIH  project  included  a 
stepwise  reduction  in  fat  consumption  and  concurrent  increase  in  carbohydrate  occurring 
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over  a  16- week  period.  The  16- week  study  length  of  the  NIH  project  provided  us  with  a 
unique  opportunity  to  measure  both  transient  and  long-term  effects  of  HCLF  intake  on 
substrate  utilization  and  lipoproteins.  Therefore,  we  were  able  to  maximize  our 
resources  through  collaboration  with  the  NIH  study.  Postmenopausal  women  were 
identified  to  serve  as  subjects  in  the  NIH-funded  project.  Thus,  collaboration  with  this 
study  afforded  us  the  opportunity  to  study  a  population  where  the  need  for  further 
research  is  universally  acknowledged  (3, 13, 14, 139).  Two  additional  features  of  this 
study  design  were  beneficial  to  the  implementation  of  our  study.  The  gradual,  stepwise, 
increase  in  the  proportion  of  carbohydrate  provided  to  study  participants  enabled  us  to 
discount  the  possibility  that  elevations  in  TG  were  the  product  of  sudden  increases  in 
dietary  carbohydrate  consumption  (136).  Lastly,  the  production  and  distribution  of  all 
study  meals  within  the  same  facility  improved  our  abiUty  to  achieve  optimal  patient 
compliance  and  assure  quality  control. 
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MATERIALS  AND  METHODS 


Experimental  Design 

Our  sixteen-week  investigation  implemented  a  stepwise  reduction  in  fat  intake 
using  three  diets  which  gradually  replaced  energy  from  fat  with  carbohydrate  energy. 
The  Cycle  I  diet  was  formulated  to  contain  35%  fat.  Cycle  I  lasted  4  weeks  and  was 
followed  by  Cycle  II,  which  included  25%  of  the  calories  from  fat  and  continued  for  6 
weeks.  The  final  phase,  Cycle  III,  allowed  15%  of  the  calories  as  fat  and  also  continued 
6  weeks. 

Subjects  were  studied  in  two  separate  groups  consisting  of  sixteen  subjects  each. 
Of  the  initial  32  subjects,  five  subjects  requested  to  be  released  from  the  study.  Three 
of  these  subjects  cited  personal  problems  for  their  withdrawal  while  the  other  two 
subjects  experienced  family  deaths  during  the  study.  Two  subjects  were  excluded  due 
to  noncompliance.  A  total  of  25  subjects  completed  the  study.  Each  subjects  served  as 
her  own  control  by  participating  in  each  of  the  three  test  periods.  Subjects  were 
instructed  not  to  deviate  from  their  regular  activity  habits  during  the  16  week  study. 

Recruitment  of  Subjects 

Study  subjects  included  healthy,  postmenopausal  women.  Potential  subjects 
were  invited  to  an  orientation  meeting  through  telephone  calls,  personal  letters,  fliers, 
and  newspaper  advertisements.  The  objective  of  the  orientation  meeting  was  to  obtain  a 
group  of  potential  study  candidates.  Additionally,  the  study  design  was  explained  in 
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detail,  questions  were  answered,  and  all  participants  completed  a  background 
questionnaire  (Appendix  B).  Questionnaires  were  reviewed  to  screen  for  eligible 
subjects.  Individuals  with  known  diabetes,  systemic  illness  (renal,  hepatic, 
gastrointestinal),  hyperlipidemia  (chol>300  mg/dL),  cancer  currently  requiring  therapy, 
or  an  unstable  medical  condition  possibly  requiring  a  change  in  medications  were 
excluded.  Although  women  not  receiving  hormone  replacement  therapy  (HRT)  were 
desired,  women  receiving  continuous  HRT  or  using  a  hormone  replacement  patch  were 
accepted. 

Following  evaluation  of  completed  questioimaires,  qualifying  participants 
signed  an  informed  consent  to  participate  which  was  approved  by  the  Human  Subjects 
Review  Committee  (HSRC),  University  of  California,  Davis  (144)  (Appendix  C). 

These  subjects  then  received  a  physical  examination  and  provided  a  blood  test  which 
was  used  to  assess  blood  glucose,  plasma  cholesterol,  as  well  as  liver  and  kidney 
function. 

Dietary  Intervention 

Prior  to  the  baseline  diet  period,  subjects  were  instructed  to  record  their  food 
intake  for  a  1  week  run-in  period.  The  7-day  food  records  were  analyzed  by  Nutritionist 
IV  Software  (versionS.0, 1993  N-Square  Computing,  Silverton,  OR).  The  energy 
requirement  of  each  subject  was  based  on  their  measured  respiratory  energy  expenditure 
(REE)  by  indirect  calorimetry  and  an  activity  factor  was  added.  This  value  was  then 
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compared  with  the  caloric  need  calculated  for  the  participants’  age,  sex,  and  activity 
level  and  adjusted  as  necessary  (145). 

Menus  were  formulated  to  provide  1600  calories.  Unit  muffins  reflecting  the 
energy  composition  of  each  cycle  were  provided  to  subjects  who  required  greater  than 
1600  calories  per  day.  Since  all  unit  muffins  contained  150  calories,  caloric 
adjustments  to  the  standard  1600-calorie  menu  were  made  in  150  calorie  increments. 

To  achieve  weight  maintenance,  subjects  were  weighed  every  evening  before  diimer. 
Subjects  were  moved  to  the  next  caloric  intake  level  if  net  weight  change  exceeded  one 
kilogram  or  more  on  three  consecutive  days. 

Test  meals,  administered  in  7-day  cycles,  were  prepared  and  served  at  the 
UCDMC  Catering  Facility.  During  the  entire  16-week  study,  participants  consumed 
dinner  at  the  UCDMC  Catering  Facility.  Breakfast  and  Ivmch,  as  well  as  all  weekend 
meals  were  provided  as  take  outs. 

During  the  Intermediate  and  Strict  Diet  cycles,  menu  items  used  during  the 
Baseline  Diet  period  did  not  change  but  were  adjusted  to  provide  25%  and  15%  fat 
intake,  respectively  (Appendix  D).  An  attempt  was  made  to  formulate  the  three  menu 
cycles  to  provide  consistent  ratios  of  cholesterol  to  fat  and  polyunsaturated  to  saturated 
fat  intake.  The  cholesterol  (mg)  to  total  fat  (g)  ratio  ranged  from  2.99  to  4.68  during 
Cycles  I,  II,  and  III.  Meanwhile,  the  polyunsaturated  to  saturated  fat  ratio  ranged  from 
0.95  to  1.1.  Attempts  to  keep  the  fiber  content  constant  were  also  successful  as 
illustrated  by  the  small  variation  in  fiber  content  of  the  three  menu  cycles.  Cycles  I,  II, 
and  III  contained  9.1g,  1 1 .4g,  10.5g  fiber  respectively.  Subjects  were  instructed  to  limit 
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alcohol  consumption  to  one  alcoholic  serving  per  week.  One  alcoholic  serving  was 
defined  as  1  ounce  of  hard  liquor,  one  can  of  beer,  or  a  four-ounce  glass  of  wine. 

Compliance  was  monitored  by  inspecting  trays  for  incomplete  food  consumption 
following  each  diimer  meal.  In  an  effort  to  optimize  compliance,  subjects  were 
provided  a  list  of  “free  foods”  from  which  they  could  supplement  the  meals  and  snacks 
provided  by  the  study  (Appendix  E).  Free  items  (e.g.  diet  soda,  cucumber,  sugar-free 
jelly),  alcoholic  beverages,  and  deviations  from  the  prescribed  dietary  intake  were 
recorded  on  the  food  records.  The  only  foods  subjects  were  allowed  to  consiraie  in 
addition  to  that  provided  by  the  study  included  the  items  on  the  free  list.  Additionally, 
subjects  were  instructed  to  consume  all  food  provided  by  the  study.  In  the  event  that 
subjects  consumed  foods  not  provided  by  the  study,  they  were  instructed  to  record  those 
items  in  their  daily  food  records.  Subjects  were  considered  compliant  as  long  as  the 
amount  of  missed  or  added  non-study  food  did  not  exceed  1%  of  total  energy 
consumed. 

Data  Collection 

All  blood  samples  were  drawn  after  subjects  had  fasted  overnight  for  12-14 
hours.  Blood  samples  were  drawn  at  four  timepoints:  before  the  baseline  diet  period 
and  following  each  test  period.  All  samples  were  analyzed  in  duplicate  and  averaged. 

Anthropometric  data:  Fasted  subjects,  dressed  in  hospital  gowns  and  wearing  no 
shoes,  were  weighed  at  the  baseline,  and  at  weeks  4, 10  and  16.  The  same  scale  was 
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utilized  at  each  timepoint.  Weights  taken  before  dinner  meals  were  taken  with  subjects 
in  light  clothing  without  shoes. 

Percent  body  fat  was  determined  using  biometric  impedance  (Bioanologics, 
Beveton,  OR)  and  triceps  skinfold  measurement. 

Resting  Energy  Expenditure  (REE)  and  RQ:  REE  and  RQ  were  determined  by 
indirect  calorimetry  using  a  constant  velocity  flow-through  hood  system  (Thermox- 
Ametek,  Pittsburg,  PA).  Testing  occurred  while  subjects  were  in  the  fasted  state,  before 
breakfast,  subsequent  to  at  least  15  minutes  of  rest. 

Plasma  Lipoproteins:  Total  cholesterol  (Sigma  kit  no.  352)  and  plasma  TG 
(Sigma  kit  no.  336)  were  measured  enzymatically  using  kits  from  Sigma  (Sigma 
Diagnostics.,  St.  Louis  MO)  The  procedures  used  to  determine  total  cholesterol  are 
based  on  those  developed  by  Allain  et  al.and  colleagues  (146).  A  modification  of  the 
method  of  Bucolo  and  David  (147)  was  utilized  to  measure  Plasma  TG.  Plasma  HDL 
were  determined  by  a  serial  precipitation  method  of  Wamick  (148),  using  dextran 
sulfate  and  magnesium  chloride.  Plasma  LDL-C  and  VLDL  cholesterol  were 
calculated  from  the  results  of  these  tests  using  the  following  formulas  (149): 

VLDL  cholesterol=  TG/5 
LDL-C  =  Total  Cholesterol  -(VLDL)-HDL-C 

Other  Biochemical  Measurements:  Due  to  their  relationship  to  nutrient 
utilization,  blood  glucose  and  insulin  were  analyzed.  Blood  glucose  concentrations 
were  determined  by  the  glucose  oxidase  method  (kit  no.  315,  Sigma  Diagnostics.,  St 
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Louis,  MO)  (149).  Plasma  insulin  was  determined  by  double  antibody 
radioimmunoassay  RIA  kit,  ICN  Biomedicals,  Ind.,  Costa  Mesa,  CA). 

It  has  been  suggested  that  lactate  may  provide  a  good  marker  of  glucose  storage 
(21).  For  this  reason,  plasma  lactate  concentrations  were  measured  by  an  enzymatic 
test  with  lactate  oxidase  and  peroxidase  (kit  no.  735,  Sigma  Diagnostics,  St.  Louis, 

MO),  (Shimadzu  uv-160  spectrophotometer,  Kyoto,  Japan)  (150, 151).  Serum  free 
fatty  acids  were  determined  by  the  enzymatic  colorimetric  method  of  Wako  Chemicals 
(kit  no.  990-75401,  Richmond,  VA).  Plasma  free  glycerol  levels  provide  an  indirect 
assessment  of  FFA/TG  cycling  generated  by  the  adipose  tissue.  Therefore,  plasma  free 
glycerol  was  quantified  fluorometrically  according  to  the  method  of  Boobis  and 
Maughan  (152)  (Perkin-Elmer  L5-50B  fluorometer,  San  Jose,  CA). 

Quality  Assurance:  During  each  menu  cycle,  identical  trays  were  prepared  for 
the  seven-day  menu  eycle.  This  food  was  homogenized  and  an  aliquot  was  sent  to  the 
Hazelton  Laboratories  (Madison,  WI)  for  analysis  of  the  macronutrient  composition. 

Statistical  Analysis:  Results  are  expressed  as  means  ±  pooled  SE  for  all 
yariables  at  baseline  and  at  the  end  of  each  of  the  three  diet  periods.  Variables  of 
interest  were  analyzed  using  repeated  measures  analysis  of  yariance  techniques  using 
Statyiew  512+™  (Abacus  Concepts,  Inc.,  Berkeley,  CA).  When  the  ANOVA  was 
significant  (^0.05),  differences  between  dietary  periods  were  compared  with  the  use  of 
the  Fisher’s  paired  Mest.  Correlations  were  calculated  with  Pearson  correlation 


coefficients. 
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RESULTS 

Subject  characteristics  Baseline  subject  characteristics  are  presented  in  Table  1. 
During  the  study,  thirteen  of  the  25  subjects  were  receiving  either  oral  or  transdermal 
hormone  replacement  therapy  (HRT).  With  respect  to  alcohol  consumption,  subjects 
were  allowed  to  consume  one  serving  of  alcohol  per  week;  10  subjects  chose  to 
incorporate  alcohol  into  their  diet  according  to  these  guidelines. 

Anthropometries  Despite  attempts  to  achieve  weight  maintenance,  subjects  lost 
an  average  of  2.3  kg  during  the  16-week  intervention  period  (p=0.0001).  The  greatest 
amount  of  weight  loss  occurred  during  the  first  diet  phase  (35%  fat  diet)  (p=0.0001). 
Body  weight  at  all  dietary  periods  was  significantly  different  from  baseline  (Table  2). 
Likewise,  BMI  progressively  decreased  with  each  diet  phase.  Overall,  subjects 
experienced  an  average  decline  in  BMI  of  3%  during  the  entire  intervention  period 
(p=0.0001).  Percent  body  fat  was  significantly  reduced  from  baseline  following  Cycle  I 
(35%  fat  diet)  and  remained  at  this  level  throughout  the  study.  Reduction  in  percent 
body  fat  accounted  for  74%  of  the  weight  loss. 

Nutrient  composition  of  Cycles  I.  II.  and  in  In  an  effort  to  control  for  the 
divergent  fat  intake  of  our  subjects  prior  to  beginning  the  study.  Cycle  I  menus  were 
formulated  to  represent  an  average  of  their  reported  fat  intake,  which  was  -35%  of 
dietary  energy.  Analysis  of  the  Cycle  1  diets  revealed  that  the  actual  contribution  of  fat 
to  energy  composition  was  approximately  31%  (Figure  1).  In  contrast,  analysis  of 
Cycles  n  and  HI  showed  that  actual  nutrient  composition  closely  reflected  menu 


formulations. 


Table  1:  Baseline  Subject  Characteristics 


Variable^ 

Means  ±SD 

Range 

Age  at  entrance 
(yrs) 

58.5  ±  7.7 

43-74 

Weight  (kg) 

78.0  ±  16.8 

53.3-116.8 

Body  mass  index 
(kg/m^) 

30.49  ±  6.27 

18.85-42.90 

Body  fat  (%)^ 

33.8  ±  6.9 

17.1-48.5 

Fat  Intake  (% 
energy)^ 

32.8  ±  8.1 

20-47 

HR’T' 

13/25 

Alcohol  Intake 

10/25 

*n=25 

^  measured  by  bioelectrical  impedance  analysis 
^  7-day  food  records  analyzed  by  Nutritionist  IV  Software 
HRT,  hormone  replacement  therapy,  may  include  oral  or  transdermal  hormone 
replacement  of  estrogen  and/or  progesterone. 


Table  2:  Changes  in  Anthropomentrics 
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Figure  1:  Nutrient  Composition  of  Cycles  I,  n,  and  III 


Cycle  I  Cycle  II  Cycle  HI 
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Cycle  n  (25%  fat  diet)  derived  23%  of  the  calories  from  fat  and  60%  from  carbohydrate. 
In  Cycle  HI  (15%  fat  diet),  actual  fat  content  decreased  to  14%;  conversely, 
carbohydrate  content  increased  to  provide  slightly  more  than  68%  of  the  calories.  Fiber 
content  of  the  three  menus  remained  fairly  stable  and  averaged  10.3  g/1000  calories 
(Table  3).  Although  the  cholesterol  content  inherently  decreased  with  each  reduction  in 
fat,  the  cholesterol  to  fat  ratio  increased  from  2.99  during  Cycle  I  to  4.68  during  Cycle 
in.  The  polyunsaturated  to  saturated  fat  ratio  remained  fairly  constant  across  the  three 
menu  cycles,  ranging  from  0.95  to  a.2. 

Plasma  lipoproteins  Plasma  lipids  and  lipoproteins  and  the  ratios  of  total  and 
LDL-C  to  HDL-C  are  shown  in  Table  4.  Overall,  the  subjects  experienced  significant 
reductions  in  total  cholesterol,  LDL-C,  and  HDL-C  following  dietary  intervention.  In 
general,  with  each  reduction  in  dietary  fat,  plasma  lipids  and  lipoproteins  were  reduced  in 
a  stepwise  fashion.  Compared  to  baseline,  total  cholesterol  was  reduced  4%  (p=0.0100), 
LDL-C  9%  (p=0.0421),  and  HDL-C  14%  (p=0.0001).  In  addition,  consumption  of  the 
Cycle  in  diet  (15%  fat)  was  associated  with  a  36%  elevation  in  both  plasma  TG 
(p=0.0006)  and  VLDL-C  (p=0.0006).  While  there  were  differences  between  baseline 
and  Cycle  I,  the  differences  between  I  and  HI  were  consistent  with  the  changes  observed 
between  baseline  and  Cycle  HI.  Interestingly,  21  of  the  25  subjects  had  final  TG  values 
that  were  higher  than  their  respective  baseline  values.  Similarly,  21  subjects  had  final 
HDL-C  values  that  were  lower  than  their  respective  baseline  values.  Thus,  increased 
carbohydrate  intake  produced  a  significant  increase  in  the  total  cholesterol  to  HDL-C 
ratio  while  the  LDL-C  to  HDL-C  ratio  remained  unchanged. 


Table  3:  Fatty  Acid,  Cholesterol  and  Fiber  Content  of  Cycles  I,  II,  and  III^ 


Cycle  II 

Cycle  II] 

Total  fat  (%) 

31% 

23% 

14.2% 

(g) 

(34.5) 

(25.7) 

(15.8) 

Saturated  fat 

8.2% 

5.6% 

3.3% 

(9.0) 

(6.2) 

(3.7) 

PUFA 

7.7% 

6.5% 

3.6% 

(8.5) 

(7.2) 

(4.0) 

MUFA 

11.1% 

8.6% 

5.5% 

(12.5) 

(9.5) 

(6.1) 

P:S  Ratio 

0.95 

1.2 

1.1 

Cholesterol 

103 

89 

74 

(mg/1000  cal) 

Fiber 

9.1 

11.4 

10.5 

(g/1000  cal) 

Table  4:  Changes  in  fasting  plasma  lipids  and  lipoproteins 
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Fasting  glucose  and  insulin  Fasting  blood  glucose  and  plasma  insulin 
concentrations  were  significantly  decreased  from  baseline  compared  to  Cycle  in  (15% 
fat  diet)  (Table  5).  Plasma  insulin  concentrations  dropped  significantly  from  16  p,IU/mL 
at  baseline  to  12  p.IU/mL.  In  addition  to  the  24%  reduction  in  plasma  insulin,  fasting 

glucose  values  decreased  7%  during  this  time. 

Measurements  of  lipolvsis  and  substrate  oxidation  Consumption  of  the  Cycle  HI 
diet  (15%  fat  diet)  tended  to  reduce  plasma  FG  levels  (Table  5).  Although  FG  during 
Cycle  m  was  not  different  from  FG  at  baseline,  FG  following  Cycle  m  was  significantly 
lower  than  FG  at  both  Cycles  I  and  n  (p=.0030,  p=0.0594). 

Interestingly,  FFA  concentrations  were  similar  across  dietary  periods  with  the 
exception  of  Cycle  n  (25%  fat  diet)  where  FFA  levels  were  lower  than  all  other 
timepoints  (Table  5). 

Unlike  the  progressive  reductions  in  the  concentrations  of  metabolites  (lipids, 
lipoproteins,  FG)  that  reflect  lipid  metabolism,  lactate  concentrations  rose  steadily  from 
Cycle  I  (30%  fat  diet)  to  Cycle  HI  (15%  fat  diet)  (Table  5).  When  compared  to  Cycle  I 
(30%  fat  diet),  lactate  concentration  increased  21%  following  Cycle  n  (p=0.0088),  and 
then  increased  another  39%  following  Cycle  III  (p=0.0065). 

Fasting  RQ  measurements  did  not  change  during  the  study  period  and  RQ  values 
remained  between  0.83  and  0.86  (Table  5). 

Fasting  blood  glucose,  plasma  insulin,  FG,  FFA,  and  lactate  along  with  measures 
of  obesity  (percent  body  fat  and  BMI)  were  correlated  with  each  other.  Correlations  of 
these  variables  at  each  of  four  timepoints  are  presented  in  Table  6. 


Table  5:  Changes  in  fasting  metabolic  measurements 
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FFA,  free  fatty  acids 


Fable  6:  Correlation  coefficients  of  selected  variables  at  fo»*r  periods 
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Percent  body  fat  and  BMI  were  positively  correlated  at  every  timepoint 
(p=0.0001).  Thus,  the  higher  the  BMI,  the  greater  the  percent  body  fat.  Percent  body 
fat  and  BMI  were  also  positively  correlated  with  free  glycerol.  This  relationship  between 
FG  and  degree  of  obesity  was  the  most  apparent  at  baseline  and  Cycle  n  when  the 
correlation  between  FG  and  percent  of  body  fat  was  significant.  Although  there  was  no 
apparent  relationship  between  BMI  and  FFA  during  the  first  two  timepoints,  the 
relationship  reached  significance  during  Cycle  n  (p=0.0509).  Similarly,  the  relationship 
between  percent  body  fat  and  FFA  was  the  strongest  during  Cycle  II.  These 
relationships  between  FFA,  BMI  and  percent  body  fat  both  lose  their  significance  during 
the  final  diet  phase.  Neither  percent  body  fat  nor  BMI  was  significantly  correlated  with 
lactate  or  glucose  at  any  timepoint. 

Plasma  insulin  correlated  positively  with  percent  body  fat  and  BMI.  The 
correlation  between  insulin  and  percent  body  fat  was  positive  at  each  timepoint  and 
reached  statistical  significance  during  Cycles  11  (p=0.0896)  and  HI  (p=0.0168). 

Similarly,  plasma  insulin  was  positively  correlated  with  BMI  and  correlations  reached 
statistical  significance  at  baseline  (p=0.0692)  and  Cycles  n  (p=0.084)  and  DI  (0.0067). 
Although  a  significant  positive  correlation  existed  between  plasma  insulin  and  lactate 
during  Cycle  I,  there  was  no  correlation  between  these  variables  at  any  other  timepoint. 
We  observed  no  significant  correlations  when  plasma  insulin  was  correlated  with  FG, 
FFA,  or  glucose  at  any  timepoint. 

The  dependent  relationship  between  plasma  FG  and  FFA  was  reflected  by  the 
strongly  positive  correlation  which  was  significant  at  all  timepoints  except  Cycle  H.  This 
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relationship  became  highly  significant  during  the  final  diet  phase.  The  relationship 
between  glucose  and  FG  appeared  to  be  somewhat  random  as  it  did  not  reach  the  usual 
level  of  statistical  significance  at  any  timepoint.  Furthermore,  no  significant  correlations 
existed  between  RQ  and  the  variables  measured  (data  not  shown). 

The  degree  of  correlation  between  variables  that  may  modulate  plasma  TG 
concentration  were  correlated  with  TG  levels  at  each  timepoint  to  evaluate  the  impact 
these  factors  have  on  TG  concentration.  While  no  consistent  correlations  were  observed 
between  selected  variables  and  HDL  or  LDL,  these  data  are  presented  in  Table  7. 
Correlations  of  TG  levels  with  plasma  FFA,  lactate,  insulin,  and  BMI  are  shown  in  Table 
8. 

The  correlation  between  fasting  plasma  TG  and  lactate  was  positive  at  each 
timepoint  and  reached  statistical  significance  at  baseline  and  Cycle  HI  (p=0.0015, 
p=0.00574).  The  correlation  between  plasma  TG  and  insulin  was  positive  at  three  of 
four  timepoints,  but  only  in  Cycle  11  did  the  association  reach  the  usual  level  of  statistical 
significance.  While  the  relationship  between  plasma  TG  and  FFA  appeared  somewhat 
random  during  the  first  three  timepoints,  plasma  TG  and  FFA  were  significantly 
correlated  following  the  final  diet  phase.  Plasma  TG  and  BMI  remained  positively 
correlated  with  each  other  through  the  intervention  period.  However,  these  correlations 
never  reached  statistical  significance.  We  observed  no  significant  correlations  when 
plasma  TG  was  correlated  with  FG,  or  glucose  at  any  timepoint. 

Figure  2  illustrates  the  interaction  present  between  plasma  cholesterol  and  BMI 
(p=0.0302).  The  cholesterol-lowering  ability  of  low-fat/high-carbohydrate  intake 
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Table  7:  Correlation  coefficients  of  HDL  and  LDL  with  selected  variables  at 
four  timepoints 


Parameters 

Lactate 

Insulin 

BMI 

FFA 

timepoint 

LDL 

Baseline 

NS 

NS 

NS 

0.424* 

Cycle  I 

NS 

NS 

NS 

0.151 

Cycle  n 

NS 

NS 

NS 

0.113 

Cycle  in 

NS 

NS 

NS 

-0.130 

HDL 

Baseline 

NS 

-0.243 

NS 

NS 

Cycle  I 

NS 

-0.189 

NS 

NS 

Cycle  n 

NS 

-0.436* 

NS 

NS 

Cycle  in 

NS 

-0.104 

NS 

NS 

BMI,  body  mass  index;  FFA,  free  fatty  acids;  LDL,  low  density  lipoproteins;  HDL, 
high  density  lipoproteins,  NS,  non  significant. 

*p<0.05 
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Figure  2:  Changes  in  Cholesterol  by  BMI 
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appeared  to  be  the  most  effective  in  those  subjects  whose  initial  BMI  was  less  than  28. 
The  average  net  reduction  of  plasma  cholesterol  equaled  1 1%  in  subjects  whose  BMI 
was  less  than  25.  By  contrast,  those  whose  BMI  was  greater  than  25  at  the  onset  of  the 
study  experienced  only  a  2  to  3%  reduction  in  cholesterol  concentration.  There  were  no 
other  interactions  observed  between  BMI  and  lipids,  lipoproteins,  or  other  metabolic 
variables  measured. 

The  change  in  plasma  insuin  which  occurred  between  baseline  and  Cycle  in  was 
positively  correlated  with  the  simultaneous  change  in  BMI  (p=0.0619)  (Figure  3). 
Similarly,  a  positive  correlation  exists  between  the  change  in  plasma  insulin  and  change 
in  percent  body  fat  which  occurs  between  Cycles  I  and  m.  However,  this  relationship 
becomes  significant  only  when  two  outliers  (subjects  #6  and  #12)  are  excluded  from  the 
data  set  (p=0.0105)  (Figure  4). 

A  significant  positive  association  was  present  between  the  change  in  plasma 
lactate  concentration  and  the  change  in  percent  body  fat  occurring  between  baseline  and 
Cycle  in  (p=0.0209)  (Figure  5).  However,  the  relationship  between  these  two  variables 
was  highly  significant  between  Cycle  I  and  Cycle  in  (p=0.()023)  (Figure  6). 


BMI  at  Cycle  m  -  BMl  at  Baseline 
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Figure  3:  Correlation  of  Change  in  Insulin  to  Change  in  BMI 
Between  Baseline  and  Cycle  III 


Plasma  Insulin  at  Cycle  m  -  Plasma  Insulin  at  Baseline* 


p  =  0.0619 
r  =  0.395 


n  =  23 


y  =  0.36x  -  0.654 
*  units  are  expressed  as  plU/mL 


r  =  0.534 
p  =  0.0105 
n  =  22 

y  =  0.261x  +  0.51 
*  units  are  expressed  as  pIU/mL 
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Figure  5:  Correlation  of  Change  in  %  Body  Fat  to  Change  in  Plasma 
Lactate  between  Baseline  and  Cycle  III 
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Plasma  Lactate  at  Cycle  HI  -  Plasma  Lactate  at  Cycle  I* 


Figure  6:  Correlation  of  Change  in  %  Body  Fat  to  Change  in  Plasma 
Lactate  Between  Cycles  I  and  III 


%  Body  Fat  at  Cycle  IQ  -  %  Body  Fat  at  Cycle  I 

r  =  0.582 
p  =  0.0023 
n  =  25 

y  =  2.584x  +  6.112 
*  units  are  expressed  as  mg/dL 
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DISCUSSION 

Effect  of  HCLF  intake  on  anthropometric  variables 

Although  diets  for  each  subject  were  formulated  to  promote  weight  maintenance, 
weight  loss  did  occur  during  the  study.  The  greatest  amount  of  weight  loss  resulted 
during  Cycle  I  among  the  first  group  of  women  to  complete  the  study.  In  an  effort  to 
minimiyp!  weight  loss  in  group  2,  we  increased  the  activity  factor  used  in  conjunction 
with  REE  values  to  calculate  the  calorie  needs  of  each  subject  in  group  2.  This  proved 
helpful  as  average  weight  loss  in  group  2  was  only  1.6  kg  whereas  subjects  in  group  1 
lost  an  average  of  2.9  kg. 

Analysis  of  bioelectrical  impedance  data  revealed  that  weight  loss  was  accounted 
for  primarily  by  reduction  in  fat  mass  (70%).  While  it  has  been  suggested  that  weight 
loss  is  an  inherent  feature  of  low-fat  diets  (153, 154),  studies  in  humans  have  not  yet 
answered  whether  decreasing  the  proportion  of  energy  as  fat  intake  will  affect  weight 
loss  or  adiposity  when  total  energy  intake  remains  unchanged.  This  question  was 
recently  addressed  in  rats  which  were  fed  diets  providing  75%  of  their  previous  ad 
libitum  intake  (155).  Obese  rats  consuming  12%  of  their  daily  energy  intake  as  fat  lost 
significantly  more  weight  and  adipose  tissue  than  rats  consuming  45%  of  their  daily 
energy  needs  as  fat.  Although  this  study  indicates  that  dietary  fat  intake  plays  a  key  role 
in  regulating  both  body  weight  and  body  composition,  further  human  studies  are  needed 
to  confirm  that  this  occurs  in  humans.  Because  subjects  typically  restrict  total  energy 
intake  when  instructed  to  reduce  fat  intake,  the  effect  of  dietary  fat  intake  on  body 
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weight  is  difficult  to  separate  from  the  effect  of  total  energy  intake  (156).  The  decrease 
in  energy  consumption  associated  with  HCLF  intake  has  been  attributed  a  number  of 
variables.  Many  consider  the  palatability  of  a  HCLF  diet  less  desirable  than  that  of  a  diet 
which  contains  more  fat.  Low-fat  diets  typically  require  a  larger  volume  of  food  to  be 
consumed  in  order  to  maintain  energy  intake.  Likewise,  HCLF  diets  are  typically 
accompanied  by  an  increase  in  fiber  intake  and  it  is  possible  that  changes  in  fiber  intake 
limit  food  intake  by  increasing  satiety  (156).  We  attempted  to  control  the  impact  fiber 
may  have  on  outcome  variables  by  keeping  fiber  content  of  the  cycle  menus  consistent 
throughout  the  study.  The  average  fiber  content  of  our  three  menu  cycles  ranged  form 
9. 1  to  1 1 .4  g  fiber  /lOOO  calories. 

Effect  of  HCLF  intake  on  insulin  sensitivity 

Following  the  16- week  intervention  period,  mean  glucose  concentration 
decreased  1%  accompanied  by  a  concurrent  drop  in  insulin  levels.  Fasting  insulin 
concentrations  have  been  shown  to  correlate  closely  with  insulin-mediated  glucose 
uptake  (157, 158).  Based  on  this,  insulin  sensitivity  appears  to  have  been  enhanced 
following  continued  HCLF  intake. 

Our  findings  agree  with  other  research  indicating  that  HCLF  diets  enhance  insulin 
sensitivity  (40-43, 45, 52).  These  studies  have  reported  that  diets  containing  more  than 
70%  of  dietary  energy  from  carbohydrate  are  the  most  successful  at  improving  insulin 
sensitivity.  Insulin  concentrations  were  significantly  reduced  from  baseline  both  during 
Cycle  in  (70%  CHO)  and  Cycle  n  when  carbohydrate  contributed  only  60%  of  the 
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energy  intake.  At  baseline  and  throughout  Cycles  I  and  n,  a  few  individuals  experienced 
fasting  insulin  values  that  are  considered  above  normal  (>4-25  p-U/rnL)  (30).  In 
contrast,  all  fasting  insulin  values  were  within  normal  limits  subsequent  to  Cycle  HI. 

The  ability  of  HCLF  diets  to  improve  insulin  sensitivity  has  been  attributed  to 
their  fiber  content  as  an  increase  in  fiber  intake  typically  accompanies  HCLF  intake  (45, 
47-50).  In  our  study,  however,  the  fiber  content  of  the  three  diet  cycles  remained  fairly 
constant,  averaging  just  10.3  g  fiber  per  1000  calories.  Hence,  fiber  is  not  the  only 
factor  in  HCLF  diets  that  contribure  to  changes  in  insulin  insensitivity. 

Because  plasma  FFA  concentration  reflects,  in  part,  an  inhibition  of  lipolysis  and 
stimulation  of  fatty  acid  re-esterification  in  fat  cells  by  insulin,  FFA  levels  provide 
another  means  to  assess  insulin  effectiveness.  The  average  FFA  concentration  of  our 
subjects  at  baseline  (0.860  mEq/mL)  was  somewhat  higher  than  the  expected  normal 
range  from  fasting  patients  (0. 1-0.6  mEq/mL)  (159).  However,  expected  normal  ranges 
for  FFA  concentration  may  vary  by  population  and  locality  (159).  Based  on  our  findings 
that  plasma  FFA  following  Cycle  m  were  not  different  from  those  at  baseline,  it  appears 
that  subjects  did  not  experience  changes  in  insulin’s  effects  on  FFA  concentration  in 
response  to  long-term  high  carbohydrate  intake.  While  we  were  unable  to  discount  the 
effect  of  the  small  amount  of  weight  loss  experienced  by  our  subjects,  the  improvements 
in  insulin  sensitivity  noted  appear  to  be  in  response  to  sustained  consumption  of  HCLF 
diet  (44,  112). 

These  conclusions  regarding  insulin  sensitivity  are  difficult  to  reconcile  with  the 
hypothesis  that  the  basic  defect  in  those  with  HTG  is  resistance  to  insulin-mediated 
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glucose  uptake  (160, 161).  Researchers  have  proposed  that  changes  in  insulin  response 
elicited  by  increased  carbohydrate  consumption  lead  to  compensatory  hyperinsulinemia, 
increased  synthesis  and  secretion  of  hepatic  TG,  and  ultimately  HTG.  It  has  been 
established  that  increasing  the  amount  of  ingested  carbohydrate  results  in  elevated 
plasma  insulin  concentrations  (11,12, 43).  However,  our  results  reveal  that  plasma 
insulin  does  not  remain  elevated  throughout  the  fasting  state.  In  fact,  fasting  plasma 
insulin  values  were  lowest  during  Cycle  El,  when  carbohydrate  consumption  was  the 
highest.  This  raises  the  possibility  that  subjects  cycle  between  periods  of  normal  and 
compromised  insulin  sensitivity.  Nonetheless,  using  circulating  levels  of  insulin  to 
describe  insulin  sensitivity  has  been  criticized  (34).  Therefore,  further  investigations  that 
assess  insulin  sensitivity  directly  by  the  euglycemic  clamp  technique  during  both 
postprandial  and  fasting  periods  may  clarify  the  effect  HCLF  intake  has  on  the 
effectiveness  of  insulin. 

Relationship  between  fasting  insulin  and  anthropometric  variables 

Correlations  between  percent  body  fat  and  BMI  were  significant  at  every 
timepoint,  indicating  that  body  compositions  between  subjects  were  similar.  Thus, 
within  our  study  sample,  percent  body  fat  increased  in  parallel  with  BMI  values  and  each 
subjects’  degree  of  obesity  was  accurately  reflected  by  their  BMI.  Out  of  25  subjects, 
our  study  included  14  women  whose  BMI  at  baseline  was  greater  than  28,  generally 
indicative  of  obesity.  These  attributes  reflect  the  fact  that  this  subject  population  was 
quite  sedentary  and  consumed  a  typical  American  diet.  Thus,  characteristics  of  this 
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sample  should  be  kept  in  mind  when  interpreting  results  from  this  study  and  when 
comparing  this  study  to  other  investigations. 

It  is  well  established  that  a  modest  weight  loss  of  approximately  10%  of  initial 
body  weight  promotes  increased  peripheral  insulin  sensitivity  (162, 163, 164).  Although 
the  average  amount  of  weight  loss  experienced  by  our  subjects  was  only  2.8%  of  initial 
body  weight,  the  weight  loss  may  have  prompted  a  reduction  in  lipid  oxidation  leading  to 
the  enhanced  oxidation  of  glucose,  ultimately  improving  insulin  sensitivity.  This  point 
becomes  somewhat  clearer  when  group  1  and  2  are  compared  separately.  While  group  1 
experienced  an  average  weight  loss  of  2.9  kg,  group  2  lost  1.6  kg  during  the  study. 
Moreover,  plasma  insuhn  concentrations  in  group  1  were  significantly  reduced  from 
baseline  following  both  Cycle  I  and  Cycle  HI.  In  contrast,  plasma  insulin  in  group  2  was 
not  significantly  different  from  baseline  at  any  timepoint.  Furthermore,  a  significant 
positive  correlation  exists  between  the  change  in  insulin  and  change  in  BMI  which 
occurred  between  Cycle  1  and  Cycle  IE.  Since  nearly  all  of  the  subjects  lost  weight 
during  this  period,  this  association  may  indicate  that  those  subjects  who  lost  the  most 
weight  experienced  the  greatest  modification  in  fasting  plasma  insulin  levels.  This 
conclusion  is  supported  by  the  positive  correlation  between  change  in  insulin  and  change 
in  percent  body  fat  which  occurred  between  basehne  and  Cycle  HI  which  is  significant 
when  two  outliers  are  excluded. 

The  positive  correlations  between  insulin  and  indicators  of  obesity  (BMI  and 
percent  body  fat)  became  significant  only  at  the  end  of  Cycle  HI,  when  body  weight 
appeared  to  approach  a  steady  state.  The  positive  correlations  between  insulin  and  both 
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indicators  of  obesity  (BMI  and  percent  body  fat)  suggest  that  fasting  insulin 
concentrations  corresponded  with  the  subjects’  degree  of  obesity.  The  relationship 
between  fat  mass  and  insulin  sensitivity  has  been  elucidated  by  Groop  and  colleagues 
(44, 1 12).  Their  work  demonstrates  that  in  comparison  to  lean  controls,  subjects  with 
uncomplicated  obesity  require  higher  insulin  dosages  for  the  stimulation  of  glycogen 
formation,  inhibition  of  glucose  production,  and  the  suppression  of  FFA  turnover. 
Furthermore,  the  suppression  of  FFA  turnover  by  insulin  in  obese  subjects  is  normal 
when  expressed  per  kilogram  fat  mass.  Consequently,  increased  insulin  requirements 
may  not  indicate  insulin  insensitivity  but  simply  an  increased  requirement  due  to  excess 
substrate  including  an  enhanced  fat  mass  (112). 

Effect  of  HCLF  intake  on  measurements  of  lipolysis 

Measurements  of  plasma  FFA  and  FG  have  been  used  in  a  handful  of  studies  to 
indicate  the  degree  of  postprandial  lipolysis  and  reesterification  occurring  (25, 26,  58, 

74, 75).  Because  the  rate  of  fat  oxidation  generally  varies  in  parallel  with  changes  in  the 
level  of  circulating  FFA,  FFA  concentrations  provide  an  indirect  measure  of  lipid 
oxidation  (36, 72).  Free  glycerol  is  liberated  from  TG  along  with  FFA  during  lipolysis, 
thus,  plasma  FG  concentrations  also  reflect  the  lipolytic  activity  in  adipose  tissue  (165). 

The  effect  of  HCLF  consumption  greater  than  one  week  duration  on  plasma  FFA 
and  FG  has  not  been  reported  to  our  knowledge.  Thus,  we  were  interested  in  measuring 
the  changes  in  lipolysis  that  might  occur  when  exogenous  sources  of  FFA  were 
decreased  for  an  extended  period  of  time.  Both  FFA  and  FG  have  been  shown  to 
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decrease  following  short-term  HCLF  consumption  (25, 26, 74, 75).  Following  HCLF 
intake,  lipolysis  is  reduced  and  de  novo  synthesis  of  TG  from  FFA  is  enhanced  in 
response  to  insulin  action.  Additionally,  the  amount  of  FFA  released  from  plasma  TG  is 
ultimately  reduced  since  less  fat  is  consumed  (74, 75). 

As  expected,  plasma  FFA  and  FG  concentrations  were  significantly  correlated 
with  each  other  throughout  most  of  the  study.  It  is  not  clear  why  these  measurements 
did  not  correlate  during  Cycle  n.  Final  plasma  FFA  and  FG  concentrations  were  not 
significantly  different  from  baseline  values,  which  may  indicate  that  lipolysis  was  not 
affected  by  dietary  intervention.  Given  the  degree  of  influence  obesity  has  on  plasma 
levels  of  FFA  and  FG,  we  were  surprised  that  plasma  FG  and  FFA  values  were  not 
significantly  correlated  with  BMI  and  percent  body  fat  at  all  timepoints.  Our  samples 
were  drawn  during  fasting  and  thus,  may  not  accurately  represent  typical  FFA  or  FG 
levels  experienced  throughout  the  day.  FG  and  FFA  turnover  would  provide  a  more 
accurate  reflection  of  actual  lipolysis  rate.  Because  data  regarding  the  effects  of  HCLF 
intake  on  FFA  and  FG  concentration  are  lacking,  comparisons  are  difficult  to  make. 

Effect  of  HCLF  intake  on  measurements  of  substrate  oxidation 

It  is  well  established  that  lactate  is  produced  by  erythrocytes  and  fast  twitch 
(white,  glycolytic,  type  IIB)  muscle  fibers  which  function  under  hypoxic  conditions  (76, 
77).  Because  erythrocytes  and  fast  twitch  muscle  are  lacking  mitochondria  which 
contain  the  enzymatic  machinery  for  the  aerobic  oxidation  of  pyruvate,  glycolysis  in 
these  tissues  always  terminates  in  lactate,  even  in  aerobic  conditions.  However,  it  has 
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recently  been  suggested  that  the  intracellular  enzymes  that  process  carbohydrates 
produce  lactic  acid  as  a  function  of  metabolism  regardless  of  oxygen  availability.  Studies 
on  dog  gracilis  muscle  in  situ  provide  additional  evidence  that  lactate  production  occurs 
in  contracting  slow-twitch  (red.  Type  I)  muscle  in  the  presence  of  an  adequate  oxygen 
supply  for  mitochondrial  ATP  production  (80).  The  mechanism  by  which  lactate  is 
produced  under  fiilly  aerobic  conditions  is  frequently  referred  to  as  the  lactate  shuttle. 
Once  produced,  lactate  may  undergo  one  of  three  possible  metabolic  fates:  oxidation  via 
the  citric  acid  cycle,  gluconeogenesis,  or  conversion  to  acetyl-CoA  to  support 
lipogenesis  (166).  Thus,  lactate  formation  provides  the  organism  with  a  great  deal  of 
metabolic  flexibility.  Given  that  lactate  possesses  the  ability  to  be  oxidized  or  serve  as  a 
substrate  for  either  gluconeogenesis  or  lipogenesis,  the  existence  of  a  lactate  shuttle  may 
have  far-reaching  metabolic  implications. 

The  existence  of  a  lactate  shuttle  suggests  that  our  present  understanding  of 
lactate  metabolism  may  be  incomplete.  Historically,  the  presence  of  lactate  has  served 
only  as  an  indicator  of  an  inadequate  oxygen  supply  (76, 80).  However,  a  review  of  the 
available  literature  on  HCLF  feeding  trials  reveals  that  elevations  in  plasma  lactate 
concentration  have  frequently  been  associated  with  increased  carbohydrate  intake  (18- 
21, 82, 83).  Consequently,  this  diverse  metabolic  substrate  may  also  serve  as  a  marker 
of  glucose  storage.  In  studies  of  both  rat  and  mouse  hepatocytes,  lactate  appears  to  be  a 
strong  promoter  of  lipogenesis  through  both  its  stimulatory  action  and  its  ability  to  serve 
as  a  lipogenic  precursor  (22, 23, 167).  The  common  association  of  HTG  and 
hyperlactatemia  with  HCLF  intake  suggests  that  enhanced  de  novo  lipogenesis  from 
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lactate  provides  a  significant  contribution  to  the  HTG  that  frequently  ensues  following 
HCLF  intake.  Nonetheless,  support  for  this  proposal  is  limited  in  that  only  the  short¬ 
term  effects  of  HCLF  consumption  on  fasting  plasma  lactate  levels  have  been  measured. 
To  our  knowledge,  we  are  the  first  to  report  the  long-term  effects  of  HCLF  intake  on 
plasma  lactate  concentrations. 

The  significant  rise  in  fasting  plasma  lactate  following  long-term  HCLF 
consumption  is  similar  to  elevations  in  plasma  lactate  reported  previously  in  short-term 
HCLF  trials  (18-21).  While  previous  studies  established  that  plasma  lactate  is  elevated 
postprandially  following  HCLF  consumption,  we  have  shown  that  fasting  plasma  lactate 
levels  are  similarly  elevated  by  long-term  HCLF  intake.  These  findings  support  the 
existence  of  a  lactate  shuttle  and  suggest  that  lactate  may  even  be  a  marker  of  glucose 
storage. 

Interestingly,  the  strong  association  between  decline  in  lactate  and  decline  in 
percent  body  fat  suggests  that  in  subjects  who  experienced  reduction  in  body  fat,  glucose 
was  utilized  as  oxidizable  substrate  and  not  recycled  into  lactate.  Conversely,  in  subjects 
who  were  not  in  a  calorie  deficit  state  and  did  not  lose  body  fat,  glucose  was  recycled 
into  lactate  and  thus  concentrations  were  increased. 

RQ  measurements  remained  unchanged  throughout  the  dietary  intervention 
periods.  The  RQ  measurements  in  this  study  were  taken  while  subjects  were  in  a  fasting 
state.  Thus,  it  is  reasonable  that  fasting  RQ  values  did  not  change  despite  increased 
carbohydrate  consumption.  However,  it  is  also  possible  that  the  RQ  values  we  measured 
were  not  an  accurate  reflection  of  the  subjects’  substrate  utilization.  During  RQ  testing 
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at  baseline,  it  was  evident  that  some  subjects  had  difficulty  becoming  accustomed  to  the 
RQ  testing  procedure,  leading  to  hyperventilation  and  inflated  baseline  RQ  values  in  a 
number  of  subjects.  Although  subsequent  RQ  values  may  have  actually  increased  in 
response  to  successive  carbohydrate  augmentation,  these  changes  would  have  been 
difficult  to  detect. 

Plasma  ketone  measurements  provide  a  method  to  quantify  fatty  acid  oxidation 
(168).  The  ketone  body,  p-hydroxybutryrate  (BHB),  is  formed  almost  exclusively  in  the 

liver  secondary  to  fatty  acid  oxidation  (18).  Thus  measurement  of  BUB  provides  a 
quantifiable  indicator  of  hepatic  fatty  acid  oxidation.  Although  we  attempted  to  quantify 
plasma  ketones,  these  values  will  not  be  reported  due  to  technical  difficulties.  The 
nature  of  our  difficulty  in  completing  this  assay  was  attributed  to  the  low  concentration 
of  BHB  in  the  samples  collected,  making  detection  of  BHB  especially  difficult.  Based  on 
the  assays  that  were  completed,  we  were  convinced  that  oxidation  of  fatty  acids  was  not 
excessive  and  thus,  plasma  ketone  concentration  was  within  normal  range. 

Effect  of  HCLF  intake  on  total  cholesterol  and  lipoprotein  metabolism 

Based  on  metabolic-ward  studies,  the  Expert  Panel  predicts  an  average  reduction 
in  total  cholesterol  of  45-55  mg/dL  (1.2- 1.4  mmol/L)  with  adherence  to  the  NCEP  Step 
2  diet  which  limits  daily  consumption  of  saturated  fatty  acids  to  less  than  7%  of  calories 
and  cholesterol  intake  to  less  than  200  mg.  During  our  study,  saturated  fatty  acid  intake 
was  reduced  to  8.2,  5.6  and  3.3  %  of  daily  energy  intake  during  Cycles  I,  H,  and  HI, 
respectively.  Additionally,  Cycle  I  provided  only  103  mg  of  dietary  cholesterol  per  day 
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and  this  value  was  reduced  25%  further  during  Cycles  n  and  HI.  Although  our  dietary 
regimen  was  more  restrictive  than  the  prescribed  Step  2  guidelines,  total  cholesterol 
levels  in  the  present  study  were  reduced  an  average  of  only  10  mg  /dL  or  4%  of  baseline 
values.  Our  results  are  consistent  with  those  reported  in  previous  diet  trials  that  reduced 
fat  intake  in  women  to  15-21%  of  daily  energy  consumption  for  a  period  of  five  to 
twelve  months  (9, 10, 12). 

A  number  of  factors  are  likely  to  have  contributed  to  the  discrepancies  observed 
in  cholesterol  responsiveness  following  dietary  modifications  to  reduce  fat  intake.  First, 
the  NCEP  predictions  were  based  on  metabolic  ward-studies  where  dietary  intake  can  be 
more  readily  controlled  than  in  most  outpatient  settings.  Our  subjects  were  instructed  to 
record  all  the  foods  consumed  not  provided  by  the  study  on  a  daily  food  record  which 
was  collected  weekly.  Additionally,  we  had  daily  contact  with  our  subjects  (Monday 
through  Friday)  and  were  able  to  monitor  subjects  during  the  evening  meals  to  assure  all 
foods  provided  by  the  study  were  consumed.  Based  on  our  interaction  with  the  subjects 
at  the  evening  meals  and  subjects’  daily  food  records,  we  feel  that  the  compliance  of 
each  subject  in  our  study  was  satisfactory.  Secondly,  the  variance  in  cholesterol 
lowering  may  be  related  to  BMI.  It  has  previously  been  reported  that  obese  women  are 
less  diet  sensitive  than  lean  women  (9).  In  this  study,  a  significant  interaction  was 
present  between  BMI  and  the  effect  of  HCLF  intake  on  plasma  cholesterol 
concentrations.  The  magnitude  of  cholesterol  reduction  was  diminished  in  those  subjects 
with  a  BMI  greater  than  25  at  baseline  in  comparison  to  women  whose  BMI  was  <25  at 
baseline.  To  illustrate,  cholesterol  concentrations  fell  11%  among  those  whose  BMI  was 
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<25  at  baseline.  In  comparison,  those  whose  BMI  at  baseline  was  >25  experienced  only 
a  2-3%  reduction  in  plasma  cholesterol.  This  finding  provides  additional  strength  to  the 
conclusion  that  obese  women  are  less  responsive  to  diet  modification  than  lean  women. 
Finally,  a  collection  of  studies  indicates  that  women  may  be  less  responsive  to  dietary 
modifications  aimed  at  improving  cardiovascular  risk  than  are  men  (9, 126, 169).  This 
conclusion  remains  controversial  as  illustrated  in  a  recent  study  comparing  the  effects  of 
a  Step  1  diet  on  serum  lipid  levels  in  men  and  women.  Authors  of  this  study  concluded 
that  adherence  to  the  Step  1  diet  was  equally  effective  in  reducing  total  cholesterol  in 
women  and  men  (129).  Further  study  is  required  to  elucidate  those  factors  which 
produce  variable  responsiveness  to  dietary  modification.  Additionally,  there  is  a  paucity 
of  scientific  literature  pertaining  to  differences  in  dietary  responsiveness  of 
premenopausal  and  postmenopausal  women.  Although  it  is  well-established  that  women 
experience  a  decrease  in  HDL-C  subsequent  to  menopause  (130),  it  is  not  well 
understood  whether  postmenopaused  changes  affect  cholesterol-responsiveness  to  dietary 
changes. 

In  addition  to  producing  significant  reductions  in  total-  and  LDL-cholesterol,  the 
stepwise  reduction  of  fat  utilized  in  our  study  also  produced  a  significant  14%  reduction 
in  mean  HDL-C  concentration.  The  introduction  of  the  Cycle  I  diet,  containing  a 
moderate  proportion  of  fat  (31%),  resulted  in  a  rapid  reduction  in  HDL-C  level  which 
did  not  return  to  initial  levels  during  the  remaining  phases  of  the  study. 

Because  the  LDL-  and  HDL-cholesterol  concentrations  were  decreased  by 
approximately  the  same  percentage,  the  ratio  of  LDL-  to  HDL-cholesterol  did  not 
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change  significantly  following  dietary  intervention.  Conversely,  the  total-  to  HDL- 
cholesterol  ratio  was  7%  higher  than  baseline  following  dietary  intervention. 

The  above  changes  in  total  cholesterol  and  lipoproteins  are  consistent  with  those 
reported  in  previous  diet  trials  that  reduced  fat  intake  in  women  to  15-30%  of  daily 
energy  consumption  (9, 10, 12,129).  From  these  studies,  it  appears  that  women  respond 
to  HCLF  diet  modifications  with  reductions  in  total,  LDL-,  and  HDL-cholesterol 
concentrations.  Additionally,  the  mean  cholesterol  to  HDL-C  ratios  in  each  of  these 
studies  generally  increased  adversely  (12)  or  remained  at  baseline  values  in  response  to 
diet  modification  (9, 10).  Moreover,  the  following  discussion  provides  evidence  that 
HDL-C  and  total  cholesterol/HDL-C  ratios  may  be  more  indicative  of  cardiovascular 
risk  in  women  than  LDL-C  or  total  cholesterol  levels.  For  these  reasons,  the  benefits  of 
HCLF  diets  are  currently  under  scrutiny  (8, 12, 53, 54, 170). 

While  it  has  been  conclusively  demonstrated  that  total,  HDL,  AND  LDL-C  levels 
are  independent  predictors  of  CVD  in  men,  considerably  less  information  is  available 
regarding  the  effect  different  lipid  profiles  have  on  disease  in  women.  Only  three  studies, 
the  Framingham  Study  (171),  the  LRC  Follow-Up  Study  (172)  and  the  Donolo-Tel  Aviv 
Prospective  Coronary  Artery  Disease  study  (173)  have  evaluated  lipoprotein  levels  as 
predictors  of  CVD  and  CVD  death  in  women.  Although  the  Framingham  Study 
indicated  that  LDL  concentration  was  positively  associated  with  CVD  in  women,  (171) 
this  association  was  not  supported  by  the  LRC  Study  (13)  or  in  a  recent  analysis  of  LRC 
Follow-Up  Study  data  (13).  Thus,  the  role  of  LDL  as  a  predictor  of  CVD  in  women  has 
been  difficult  to  defend.  In  contrast,  all  three  studies  previously  identified  have 
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demonstrated  a  strong,  independent,  inverse  association  of  HDL  level  with  CVD  risk  in 
women.  Additionally,  analysis  of  the  LRC  Follow-Up  Study  data  supports  these 
observations  and  provides  further  evidence  that  HDL  level  is  a  stronger  predictor  of 
CVD  mortality  in  women  older  than  50  years  than  total-  and  LDL-cholesterol  levels 
(13).  Furthermore,  the  increased  risk  generally  associated  with  elevated  concentrations 
of  total  or  LDL-cholesterol  are  reportedly  neutralized  when  HDL-C  levels  are  high  (13). 
The  appropriateness  of  emphasizing  LDL-C  levels  in  CHD  risk  reduction  therapy  was 
also  examined  in  a  comparison  of  the  ability  of  total  cholesterol,  LDL-C  ratio  of  total 
cholesterol  to  HDL-C,  and  the  ratio  of  LDL-C  to  HDL-C  to  predict  the  development  of 
CHD  in  men  and  women  (174).  Findings  from  this  study  suggest  that  the 
cholesterol/HDL  ratio  provides  a  superior  device  to  discriminate  CHD  risk  in  both  men 
and  women  than  either  total-  or  LDL-  cholesterol  concentration. 

At  present,  there  is  no  evidence  that  diets  rich  in  complex  carbohydrates  which 
lower  both  HDL-C  and  LDL-C  levels  are  associated  with  increased  risk  for  CHD  (3). 
Additionally,  populations  which  chronically  consume  high  carbohydrate  diets  are 
characterized  by  inherently  low  HDL-C  concentrations  as  well  as  low  incidences  of  CHD 
(130,  132).  However,  the  above  findings  emphasize  the  critical  need  for  continued 
research  to  investigate  the  appropriateness  of  current  dietary  recommendations  aimed  at 
reducing  CVD  risk  in  women. 
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Effect  of  HCLF  intake  on  plasma  TG  concentrations 

Recent  investigations  have  suggested  that  HCLF  diets  may  accentuate  HTG  (53, 
54, 56).  This  finding  could  have  deleterious  consequences  in  women  since  prospective 
studies  indicate  elevated  TG  concentrations  are  an  independent  risk  factor  for 
cardiovascular  death  in  women  (13).  Additionally,  HTG  appears  to  be  an  even  stronger 
predictor  of  CVD  risk  in  women  than  in  men  (13, 15). 

Tillman  and  colleagues  have  demonstrated  that  the  dietary  induction  of  HTG  is 
largely  prevented  when  carbohydrate  intake  is  gradually  increased  over  a  period  of  time 
(136).  Based  on  these  conclusions,  the  present  study  which  increased  carbohydrate 
intake  in  a  stepwise  fashion  should  have  minimized  the  development  of  HTG.  Despite 
these  assumptions,  plasma  TG  and  VLDL-C  were  significantly  higher  than  baseline 
following  Cycles  n  and  El.  We  recognize  that  the  incorporation  of  carbohydrate  was 
somewhat  accelerated  in  our  study  design  relative  to  that  utilized  by  Ullman  and 
colleagues.  However,  we  feel  that  the  degree  of  TG  response  in  this  study  reveals  that 
there  are  other  variables  involved  in  the  modulation  of  carbohydrate-induced  HTG  than 
the  rate  at  which  carbohydrate  is  introduced  into  the  diet. 

To  illustrate  this  point,  TG  concentrations  have  reportedly  dropped  significantly 
in  subjects  who  increased  the  proportion  of  carbohydrate  consumed  from  40%  to  60%  of 
their  energy  requirement  (131).  These  subjects  simultaneously  increased  their  average 
fiber  consumption  to  27  g  fiber  per  day  as  the  amount  of  calories  from  carbohydrate 
replaced  those  from  fat.  Additionally,  sucrose  provided  a  much  smaller  contribution  to 
caloric  intake  than  in  many  studies  which  have  produced  carbohydrate-induced  HTG 
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(54).  Lastly,  foods  that  have  a  low  glycemic  index  were  emphasized.  Weight  loss  may 
also  provide  an  explanation  for  the  absence  of  HTG  development  in  some  HCLF  studies 
(124).  Subjects  who  adhered  to  a  very  HCLF  (75%  CHO/10%  fat)  diet  for  three  months 
experienced  no  change  in  plasma  TG  concentrations  (124).  The  average  decrease  in 
body  weight  during  this  period  was  7.4  kg.  Thus,  it  appears  that  weight  maintenance 
during  HCLF  intake  in  subjects  who  are  overweight  may  also  contribute  to 
carbohydrate-induced  HTG.  Although  the  effect  each  of  these  factors  has  on  fasting 
plasma  TG  alone  has  not  been  clarified,  the  present  study  introduces  a  number  of 
variables  which  may  impact  the  degree  of  hypertriglyceridemic  response  observed 
following  dietary  modification  which  increases  carbohydrate  intake. 

Relationship  between  plasma  TG  and  measures  of  lipolysis 

The  correlation  between  plasma  FFA  and  TG  concentrations  became  significantly 
correlated  only  after  Cycle  HI,  the  cycle  which  contained  the  greatest  proportion  of 
carbohydrate.  This  correlation  between  plasma  FFA  and  TG  suggests  that  subjects  who 
experienced  the  highest  FFA  levels  consequently  had  the  highest  TG  levels.  It  is 
interesting  to  note  that  although  plasma  FFA  were  not  different  at  Cycle  III  from 
baseline,  there  was  no  correlation  between  plasma  FFA  and  TG  at  baseline.  These 
results  point  out  that  measuring  circulating  FFA  concentrations  is  not  adequate  to  detect 
the  magnitude  of  changes  incurred  by  lipolysis,  re-esterification,  and  de  novo  lipogenesis. 

The  presence  of  an  enlarged  fat  mass,  as  seen  in  obesity,  has  been  associated  with 
increases  in  plasma  FFA  (72, 110,  111).  Evidence  is  available  to  show  that  glucose 
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metabolism  can  be  inhibited  when  FFA  concentrations  are  elevated  (36, 64).  For  this 
reason,  a  significant  correlation  between  degree  of  obesity  and  carbohydrate  induction  of 
HTG  was  anticipated.  However,  our  findings  do  not  confirm  this  relationship  as  there 
were  no  significant  correlations  between  fasting  plasma  TG  concentration  and  BMI  at 
any  timepoint.  In  a  recent  cross-sectional  study  which  included  relatively  sedentary 
postmenopausal  women,  abdominal  obesity  was  directly  associated  with  TG 
concentrations,  whereas  overall  obesity  was  not  related.  (175).  The  authors  reason  that 
women  with  upper-body  obesity  experience  higher  insulin  concentrations  and  greater 
turnover  of  plasma  FFA,  both  of  which  stimulate  hepatic  VLDL  TG  synthesis.  Among 
the  25  subjects  enrolled  in  the  present  study,  15  women  (60%)  were  characterized  by 
upper-body  obesity,  identified  by  the  presence  of  a  waist  to  hip  ratio  greater  than  0.8 
(176).  However,  we  found  no  association  between  plasma  TG  concentration  and  upper 
body  obesity  (determined  uisng  waist  to  hip  ratios)  at  any  timepoint. 

Relationship  between  plasma  TG  and  lactate  concentrations 

Our  study  shows  that  carbohydrate-induced  HTG  is  accompanied  by  a 
concurrent  increase  in  plasma  lactate  concentrations.  Following  a  16- week  stepwise 
increase  in  carbohydrate  intake,  both  plasma  TG  and  lactate  concentrations  were 
markedly  elevated  from  baseline.  Although  lactate  concentrations  rose  when 
carbohydrate  intake  provided  60%  of  dietary  energy,  it  was  not  until  carbohydrate 
provided  close  to  70%  of  the  caloric  intake  that  individual  subjects  experienced  lactate 
levels  considered  above  normal  (16  mg/dL)  (30).  Conversely,  four  subjects  experienced 
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HTG  (TG>200  mg/dL)  prior  to  dietary  intervention  (2).  Moreover,  two  additional 
subjects  became  hypertriglyceridemic  following  Cycle  I  which  provided  just  53%  of 
caloric  energy  from  carbohydrate.  These  findings  indicate  that  increases  in  plasma  TG 
closely  parallel  carbohydrate  intake  while  abnormally  high  plasma  lactate  concentrations 
are  most  likely  to  occur  when  carbohydrate  intake  approaches  70%  of  caloric  intake. 
These  findings  also  suggest  that  the  stimulus  for  HTG  may  be  multifactorial. 

Plasma  lactate  and  TG  were  significantly  correlated  at  two  of  four  timepoints. 
Hence,  plasma  TG  concentrations  were  higher  in  those  with  higher  plasma  lactate  levels 
at  these  timepoints.  These  findings  suggest  an  important  role  for  lactate  in  lipogenesis  in 
vivo.  The  increased  peripheral  utilization  of  glucose,  which  occurs  in  response  to 
increased  carbohydrate  intake,  results  in  the  increased  production  of  the  three-carbon 
glycolytic  intermediates,  lactate  and  pyruvate.  Several  in  vitro  experiments  (22, 23, 177) 
have  demonstrated  that  lactate  carbon  is  a  significant  precursor  of  FFA  and  therefore  of 
TG.  Moreover,  lactate  has  been  shown  to  stimulate  the  incorporation  of  FFA  into  the 
TG  molecule  and  to  inhibit  the  oxidation  of  lipid  (177).  Furthermore,  there  is  evidence 
to  demonstrate  that  lactate  stimulates  the  hormonal  induction  of  lipogenic  enzymes 
(167).  Therefore,  it  seems  likely  that  lactate  may  be  important  both  as  a  precursor  and 
as  an  indirect  stimulator  of  lipogenesis.  If  this  is  true,  the  production  of  lactate  induced 
by  continued  HCLF  intake  may  be  an  important  factor  in  the  development  of  HTG. 
Additional  research  is  warranted  to  determine  the  long-term  implications  that  increased 
production  of  lactate,  a  lipogenic  substrate,  may  have  on  overall  HTG  and  CVD  risk  in 
postmenopausal  women. 
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SUMMARY 

In  an  effort  to  minimize  CVD  risk,  a  number  of  national  advisory  groups  have 
issued  recommendations  to  increase  carbohydrate  consumption  (2-6).  However,  clinical 
trials  have  shown  that  continued  HCLF  intake  is  often  accompanied  by  elevations  in 
fasting  TG  and  reductions  in  HDL-C,  which  may  have  deleterious  affects  on  CVD  risk 
(8-12).  Moreover,  plasma  TG  and  HDL-C  have  been  identified  as  superior  markers  of 
CVD  risk  in  women  when  compared  to  total-  and  LDL-cholesterol  concentrations  (IS¬ 
IS).  For  these  reasons,  the  benefits  of  increased  carbohydrate  consumption  are  being 
questioned  (8, 12, 53, 54, 170). 

To  enter  this  discussion  appropriately,  it  is  important  that  we  understand  the 
metabolic  processes  underlying  the  changes  observed  in  lipid  and  lipoprotein  profiles 
subsequent  to  continued  HCLF  intake.  We  hypothesized  the  adverse  modifications  in 
lipoprotein  profiles  associated  with  increased  carbohydrate  consumption  may  be  related 
to  changes  in  substrate  oxidation.  To  elucidate  these  changes  in  substrate  utilization,  we 
measured  RQ,  fasting  plasma  insulin,  glucose,  lactate,  FFA  and  FG  at  four  different 
timepoints  throughout  a  sixteen-week  stepwise  reduction  in  fat  intake. 

Prolonged  carbohydrate  consumption  by  our  subjects  produced  concurrent 
decreases  in  total-,  LDL-,  and  HDL-cholesterol  concentrations  which  were  accompanied 
by  both  an  increase  in  plasma  TG  and  cholesterol  to  HDL-C  ratio.  The  amount  of 
cholesterol  reduction  reported  in  this  study  was  noticeably  less  than  would  be  predicted 
with  adherence  to  the  NCEP  Step  2  diet.  However,  our  results  were  consistent  with 
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those  reported  previously  in  diet  trials  that  reduced  fat  intake  in  women  to  15-21%  of 
daily  energy  consumption  for  a  period  of  five  to  twelve  months  (9, 10, 12).  These 
findings  emphasize  the  need  for  continued  research  in  postmenopausal  women  to  identify 
the  most  effective  nutritional  therapy  in  minimizing  CVD  risk  in  this  population. 

Following  the  stepwise  reduction  in  fat  intake,  mean  fasting  glucose  and  insulin 
concentrations  were  decreased.  Based  on  fasting  plasma  insulin,  glucose,  and  FFA 
concentrations,  insulin  sensitivity  appeared  to  improve  in  response  to  continued  HCLF 
intake.  Plasma  FFA  and  FG  concentrations  indicate  that  lipolysis  was  not  affected  by 
dietary  intervention  throughout  the  study.  RQ  measurements  were  unchanged 
throughout  the  dietary  intervention  periods. 

In  contrast,  fasting  plasma  lactate  levels  were  elevated  subsequent  to  continued 
HCLF  intake,  which  is  in  agreement  with  the  presence  of  a  lactate  shuttle.  The  parallel 
decline  in  lactate  and  percent  body  fat  suggests  that  lactate  provides  an  important  source 
of  metabolic  energy.  These  findings  suggest  that  lactate  serves  an  important  role  as  a 
diverse  metabolic  substrate. 

Our  study  further  demonstrates  that  carbohydrate-induced  HTG  is  accompanied 
by  a  concurrent  increase  in  plasma  lactate  concentrations.  The  strength  of  this 
relationship  was  reinforced  by  a  significant  correlation  between  plasma  lactate  and  TG  at 
two  of  four  timepoints.  Moreover,  a  collection  of  in  vitro  experiments  provide  strong 
support  to  the  plausibility  that  lactate  has  an  important  role  both  as  a  precursor  and  as  an 
indirect  stimulator  of  lipogenesis  (22, 23, 167, 177).  The  production  of  lactate  induced 
by  continued  HCLF  intake  and  its  role  in  lipogenesis  in  vivo  may  be  important  factors  in 
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the  development  of  HTG.  Additional  research  is  warranted  to  determine  the  long-term 
implications  increased  production  of  lactate,  a  lipogenic  substrate,  may  have  on  CVD 
risk  in  postmenopausal  women. 
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Personal  Data  Survey 

All  information  on  this  questionnaire  is  completely  confidential,  and  will  only  be  used  to  help 
us  assist  you  and  the  study  better.  Please  fill  in  the  following  lines  with  the  information 
asked.  If  you  have  any  questions  please  feel  free  to  ask. 

Name:  _ _ _ _ 

Address:  _ _ _ 


Telephone  Number:  _ _ _ _ 

Age  _  Race  (Ethnicity)  _ 

Are  you  interested  in  participating  in  this  study? _ 

If  yes  please  skip  down  to  PART  B. 

If  no  could  you  please  tell  us  what  made  you  decide  not  to  participate  in  this  study? 


How  might  we  improve  or  change  the  study  to  make  it  more  appealing? 


PART  B 

Please  circle  the  correct  answer  or  where  indicated  fill  in  the  blank.  Please  be  as  honest  and 
accurate  as  you  can.  Do  not  hesitate  to  ask  questions. 

1.  When  was  your  last  menstrual  cycle? _ 

2.  Do  you  take  any  doctor  prescribed  medications?  yes  /  no 


If  yes,  Please  list  any  medications  you  are  presently  taking? 
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3.  Are  you  taking  estrogen?  yes  /  no 

If  yes  are  you  taking  it  continuously  (daily)  or  cycled? 

4.  Do  you  have  diabetes  mellitus?  yes  /  no 

5.  Do  you  have  kidney  disease  or  renal  failure?  yes  /  no 

6.  Do  you  have  liver  disease  or  failure?  yes  /  no 

7.  Do  you  have  known  cancer?  yes  /  no 

If  yes,  please  describe  type  and  any  treatments? 


8.  Do  you  know  your  blood  cholesterol  level?  _ 

9.  Please  list  any  other  major  illnesses  or  diseases  you 

have?  _ 


10.  Do  you  smoke  cigarettes?  yes  /  no 

If  yes  how  much/often?  _ _ 

11.  Do  you  use  any  other  tobacco  product  (examples  pipe,  chewing  tobacco,  ...)? 

yes  /  no 

If  yes,  what  type  and  how  often?  _ 

12.  How  often  do  you  drink  alcohohc  beverages?  daily  / 

2-3x/week  /  4-5x/week  /  weekly  /  2-3x/month  / 
monthly  /  less  than  once  a  month  /  never 

13.  Who  do  you  currently  live  with?  _ 
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14.  How  many  meals  per  day  do  you  eat  at  home? _ 

15.  How  many  times  per  day  do  you  eat? _ meals _ snacks 

16.  Who  else  eats  meals  with  you  at  home?  _ 

17.  Who  prepares  the  meals  you  eat?  _ 

18.  Do  you  prepare  meals  for  anyone  else  other  than 

yourself?  yes  /  no 

If  yes,  who  else  do  you  prepare  meals  for?  _ 


How  often  do  you  prepare  meals  for  others? _ 

19.  How  often  do  you  eat  out?  _ 

20.  Do  you  work?  yes  /  no 

If  yes,  where  do  you  work?  _ 

And  what  hours  and  days  do  you  work?  _ 

21.  What  source  of  transportation  do  you  have  (for  example  do  you  use  the  bus/  drive 

yourself/  a  family  member...)?  _ _ _ _ 

22.  Do  you  consider  yourself  to  have  reliable 

transportation?  yes  /  no 

23.  Would  you  have  a  problem  coming  to  the  UC  Davis  Medical  Center  on  Stockton 

Boulevard  every  evening  Monday  through  Friday  for  four  months  to  eat  dinner 
and  receive  the  rest  of  your  meals  at  no  charge  for  this  time  period?  yes  /  no 

24.  Do  you  have  any  known  food  allergies?  yes  /  no 

If  yes,  what  foods  are  you  allergic  to?  _ 


25.  Please  list  any  foods  you  absolutely  will  not  eat? 
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26.  Do  you  have  any  ethnic/  religious/  or  other  food  practices  (for  example  days  of 
fasting,  you  can  not  eat  pork  or  beef,  or  can  only  eat  certain  foods  on  certain 
holidays)?  yes  /  no 

If  yes,  please  list  and  explain?  _ _ _ _ 


27.  Do  you  drink  milk?  yes  /  no 

If  yes,  what  type  of  milk  do  you  drink? _ _ 

28.  If  asked  to  drink  whole  milk  for  the  study  would  you?  Yes  /  No 

29.  If  asked  to  drink  nonfat  milk  for  the  study  would  you?  Yes  /  No 

30.  When  do  you  have  plans  to  go  on  vacation  away  from  Sacramento? 

Yes  /  No 

If  yes,  please  list  the  dates  which  you  plan  to  be  away  over  the  next 
year? 


31.  Can  you  commit  to  being  available  for  four  months  in  a  row  for  this  study? 

Yes  /  No 

32.  What  problems  do  you  anticipate  encountering  during  this  study? 


Please  look  over  the  menu  for  this  study.  Are  there  any  foods  on  this  menu 
which  you  can  not  or  will  not  eat?  Yes  /  No 

If  yes,  please  list  and  explain:  _ 


33. 
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CONSENT  TO  PARTICIPATE  IN  A  RESEARCH  STUDY 
UNIVERSITY  OF  CALIFORNIA,  DAVIS 


Title  of  Study:  High  Density  Lipoproteins,  Biomarkers  of  Low-Fat  Diet 
Investigator's  Name:  Sidika  E.  Kasim,  M.D. 

Department:  Internal  Medicine/Division  of  Clinical  Nutrition  and  Metabolism 
Phone:  (916)  752-6778 


PURPOSE: 

You  are  being  asked  to  participate  in  a  research  study.  We  hope  to  find  some  objective 
and  unbiased  measurement  which  can  reflect  the  amount  of  the  fat  intake  in  the  diet.  It  is  known 
that  frequency  of  certain  types  of  cancers  are  lower  in  the  populations  who  consume  low-fat 
diets.  However  research  studies  produce  conflicting  results  about  the  relationships  between 
dietary  fat  and  cancer.  Part  of  the  problem  is  that  assessment  of  the  dietary  fat  entirely  relies  on 
the  verbal  information  from  the  study  participants.  Reliable  measurement  of  dietary  fat  intake 
is  not  yet  available. 

PROCEDURES: 

Diet:  If  you  decide  to  volunteer,  we  will  ask  you  to  participate  in  the  study  for  one  year. 
During  the  first  four  months  of  the  study  you  will  consume  only  the  food  provided  by  us. 
During  the  first  month  this  diet  will  be  similar  to  your  own  diet.  During  the  remaining  three 
months  fat  content  of  the  diet  will  be  considerably  less  (25%-fat  for  two  months  and  15%-fat  for 
one  month).  Monday  through  Friday,  you  will  eat  dinner  at  the  University  of  California  Davis 
Medical  Center  located  on  2315  Stockton  Boulevard  in  Sacramento.  The  breakfasts  ,  lunches 
and  snacks  will  be  given  as  take-out  meals.  On  Saturdays  and  Sundays  all  the  meals  will  be 
provided  as  take-outs. 

After  this  period  you  will  follow  a  fat-restricted  diet  (15%)  on  your  own.  We  will  teach 
you  how  to  follow  a  low  fat  diet  during  a  series  of  ten  evening  classes.  You  will  learn  how  to 
shop,  prepare  and  cook  low-fat  food.  During  the  following  two  months  you  will  be  asked  to 
come  to  a  pot-luck  dinner  once  a  week,  where  we  will  all  share  recipes  and  discuss  the  various 
issues  which  may  come  up.  After  the  first  two  months,  the  pot-luck  dinners  will  be  held  every 
other  week. 
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Blood  Drawing:  During  the  first  four  months,  you  will  have  blood  drawn  every  other 
week,  for  nine  times.  Four  tubes  of  blood  (approximately  one  ounces)  will  be  collected  each 
time.  The  blood  samples  will  be  obtained  before  the  breakfast,  after  a  H-hom  overnight  fast. 
During  the  remaining  eight  months  of  the  study,  you  will  have  the  same  amounts  of  blood  drawn 
once  every  other  month  (total  of  four  draws). 

Other  Tests:  You  will  be  weighed  every  day.  Before  each  blood  draw,  we  will  measure 
your  weight  and  blood  pressure.  Five  times  during  the  one  year  period,  we  will  measure  your 
waist  and  hip  circumferences  and  the  resting  energy  expenditure.  Measurement  of  resting  energy 
expenditure  sitting  quietly  in  a  comfortable  chair  for  thirty  minutes  and  breathing  room  air  into 
a  transparent  hood  placed  on  your  head  and  shoulders.  We  will  also  measure  your  body  fat 
composition  by  a  method  called  electrical  impedance.  This  method  involves  lying  quietly  on 
a  bed  for  five  minutes,  while  a  low  voltage  electricity  (as  strong  as  a  flash  Hght  battery)  goes 
through  your  body.  There  is  no  perception  of  electricity  or  pain  during  this  procedure.  Finally, 
three  times  during  the  one  year  period  we  will  obtain  a  very  small  piece  of  a  fat  tissue  by 
aspiration  with  a  needle  from  your  hip,  after  numbing  the  area. 

In  this  trial  we  are  offering  vou  a  substudv  of  vour  blood  lipid  (fat)  responses  after  consumption 
of  a  typical  meal  (ie.  vour  post-prandial  response).  Recent  research  has  suggested  that  the  post- 
pranHial  levels  of  vour  blood  fat  mav  be  affected  bv  diet,  which  may  in  tmn  be  associated  with 
risk  of  varinns  diseases.  It  is  important  that  vou  understand  that  participation  in  this  substudv 
is  voluntary  and  that  vou  mav  participate  in  the  trial  without  volunteering  for  the  substudy. 

If  vou  decide  to  participate  in  the  post-prandial  substudv  vou  will  be  asked  to  spend  four 
nonconsecutive  eight  hour  days  at  the  research  facility  during  the  first  four  month  period  of  the 
trail  (approximately  one  test  per  month).  On  each  occasion,  vou  will  be  asked  to  fast  overnight 
before  coming  in  to  have  an  intravenous  line  placed  in  vour  forearm  and  vour  blood  drawn.  You 
will  then  be  asked  to  consume  a  test  meal  of  typically  consumed  foods.  After  this  meal  vou  will 
be  requested  not  to  eat  or  drink  for  the  remaining  six  hours.  Through  the  intravenous  line  blood 
will  be  drawn  3  times  during  the  first  hour,  and  then  every  hour  for  the  remaining  five  hours. 
The  total  amount  of  blood  drawn  will  be  five  and  a  half  ounces,  which  is  equivalent  to 
approximately  one-third  of  a  regular  blood  donation  to  the  Red  Cross. 

During  the  dav.  vou  are  free  to  move  around  the  facility  and  we  will  be  providing  some 
pntprfainment  in  the  form  of  movies,  reading  material,  and  board  games/cards. 

(  )  1  wish  to  participate  in  the  suhstudy 

(  )  I  do  not  wish  to  participate  in  the  suhstudy 
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RISKS: 

Diet:  To  follow  a  low  fat  diet  for  a  year  requires  a  major  commitment  and  changes  in 
life  style.  Especially  the  first  four  months  of  the  diet  which  will  require  the  consumption  of  all 
meals  at  a  designated  site  may  be  an  inconvenience. 

Blood  Drawing:  Discomfort  of  blood  drawing,  small  chance  of  bleeding  and  infection. 
Adipose  Tissue  Aspiration:  Discomfort  of  needle  insertion,  small  chance  of  bleeding 
and  infection. 

BENEFITS: 

Food  will  be  free  of  charge  during  the  first  three  months.  All  the  tests  will  also  be  free 
and  you  will  be  informed  about  the  results.  You  will  receive  an  excellent  education  about  low- 
fat  dieting. 

CONFIDENTIALITY: 

Only  the  study  and  laboratory  personnel  will  have  an  access  to  the  information.  Your 
identity  will  not  be  revealed  in  the  publications.  However,  absolute  confidentiality  cannot  be 
guaranteed  since  research  documents  are  not  protected  from  subpoena. 

COST/COMPENSATION: 

If  you  are  physically  injured  as  a  direct  result  of  procedures  not  done  primarily  for  your 
own  benefit,  undertaken  at  University  of  California  facilities,  you  will  receive  medical  treatment 
at  no  cost.  The  University  of  California  does  not  provide  any  other  form  of  compensation  for 
injury. 
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RIGHT  TO  REFUSE  OR  WITHDRAW: 

You  may  change  your  mind  about  being  in  the  study  and  quit  after  the  study  has  started. 
The  investigator  (Dr.  Kasim)  also  may  withdraw  you  from  the  study  at  her  own  discretion. 


QUESTIONS: 

If  you  have  any  questions,  please  ask  us.  If  you  have  additional  questions  later,  Dr. 
Kasim  will  answer  them  at  752-6778  (U.C.  Davis,  Division  of  Clmical  Nutrition  and  Metabolism 
Office,  TB-156,  Davis,  CA  95616).  She  can  be  reached  at  night  through  a  pager  (dial  762-6603 
and  after  you  hear  the  beep,  dial  your  own  phone  number). 


You  will  be  given  a  signed  and  dated  copy  of  this  form  to  keep.  You  will  also  be  given 
a  copy  of  the  Experimental  Subject's  Bill  of  Rights. 


'kic^-kicick-k-k'k'k'k-k-k'k'k-k-k'k'k-k'k'k'k-k'k'k'k'k-k'k'k'k-k-k'k'kic-k'k 


YOUR  SIGNATURE,  BELOW,  WILL  INDICATE  THAT  YOU  HAVE  DECIDED 
TO  VOLUNTEER  AS  A  RESEARCH  SUBJECT 
AND  THAT  YOU  HAVE  READ  AND  UNDERSTOOD  THE  INFORMATION 
PROVIDED  ABOVE,  AND  THE  BILL  OF  RIGHTS. 


Date 


Signature  of  participant  or  legal  representative 


Date 


Signature  of  participant  or  legal  representative 


SEK:dh 
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UNIVERSITY  OF  CALIFORNIA,  DAVIS 
EXPERIMENT  AT.  SUBJECTS*  BILL  OF  RIGHTS 


The  rights  below  are  the  rights  of  every  person  who  is  asked  to  be  in  a  medical 
research  study.  As  an  experimental  subject,  you  have  the  following  rights: 

1 )  To  be  told  what  the  study  is  trying  to  find  out; 

2)  To  be  told  what  will  happen  to  you  and  whether  any  of  the  procedures,  drugs, 
or  devices  is  different  fi’om  what  would  be  used  in  standard  practice; 

3)  To  be  told  about  the  fi-equent  and/or  important  risks,  side  effects  or  discomforts 
of  the  things  that  will  happen  to  you  for  research  purposes; 

4)  To  be  told  if  you  can  expect  any  benefit  firom  participating  and,  if  so,  what  the 
benefit  might  be; 

5)  To  be  told  other  choices  you  have  and  how  they  may  be  better  or  worse  than 
being  in  the  study; 

6)  To  be  allowed  to  ask  any  questions  concerning  the  study,  both  before  agreeing 
to  be  involved  and  during  the  course  of  the  study; 

7)  To  be  told  what  sort  of  medical  treatment  is  available  if  any  complications  arise; 

8)  To  refuse  to  participate  at  all  or  to  change  you  mid  about  participating  after  the 
study  is  started.  This  decision  will  not  affect  your  right  to  receive  the  care  you 
would  receive  if  you  were  not  in  the  study; 

9)  To  receive  a  copy  of  the  signed  and  dated  consent  form; 

1 0)  To  be  free  of  pressure  when  considering  whether  you  wish  to  agree  to  be  in  the 
study. 

If  you  have  other  questions,  please  ask  the  researcher  or  research  assistant.  In  addition, 
you  may  contact  the  Human  Subjects  Review  Committee,  which  are  concerned  with 
protecting  volunteers  in  research  projects.  You  may  reach  the  committee  office  by 
calling  (916)  752-2075,  from  8:00  am  to  5:00  pm,  Monday  through  Friday,  or  by  writing 
to  the  Human  Subjects  Review  Committee,  Office  of  Research,  410  Mrak  Hall, 
University  of  California,  Davis,  California  95616. 
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7-Day  Cycle  Menus  Formulated  to  Provide: 

Cycle  I:  35%  dietary  fat 
Cycle  H:  25%  dietary  fat 
Cycle  ni:  15%  dietary  fat 


FAT35.XI.S 
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137 


FAT15.XLS 
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List  of  Free  Foods 

These  are  the  only  foods  allowed  outside  of  what  we  already 
provide  to  you.  They  are  free,  meaning  allowed  in  unlimited 
amount  (unless  an  amount  is  specified) . 

Drinks : 

Water 

Diet  sodas  (Sugar- free,  carbonated  beverages) 

Unsweetened  carbonated  water 
Club  soda 

Coffee  /  Tea  (with  nothing  added) 

Sugar  free  drink  mixes  (examples  include  Crystal  Light,  Sugar- 
Free  Koolaid) 

Sugar  free  tonic  water 

Fruits: 

Cranberries,  unsweetened  (1/2  cup) 

Rhubarb,  unsweetened  (1/2  cup) 

Vegetables : 

Cabbage 
Cucumbers 
Escarole 
Mushrooms 
Zucchini 

Condiments : 

Catsup,  Mustard,  Horseradish,  Lemon  juice.  Vinegar,  Herbs/spices 
(such  as  salt,  pepper,  cinnamon,  nutmeg,  garlic  powder  ...) 

Fat  free  salad  dressings  (2  Tbsp.)  -  for  example  Kraft  Free 
Dill,  unsweetened  pickles 

Sugar  Substitutes  (such  as  Equal,  Sweet  n'  Low,  saccharin 
Nutrasweet,  aspartame) 

Sugar  Free  Jelly/ Jam  (1  Tbsp.) 

Fat  Free  Broth  -  for  example  Healthy  Choice,  Pritikin 

Sweets : 

Sugar- free  hard  candy  (such  as  Estees) 

Sugar- free  gelatin  (Sugar  Free  Jell-0  brand  gelatin) 

Sugar- free  gum  (such  as  Trident,  Care- Free  Sugarless  gums) 


Celery  Chines  Cabbage 

Green  Onion  Endive 

Lettuce  Romaine 

Radishes  Spinach 

Onions 
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FOODS  ALLOWED  ONE  TIME  PER  WEEK  -  THESE  ARE  NOT  ADDITIVE  (meaning 
if  you  don' t  have  an  item  one  week  you  can  NOT  have  two  next 
week)  A  week  is  from  Tuesday  to  the  following  Tuesday. 

ONE  TIME  DURING  THE  WEEK  YOU  MAY  HAVE  ONE  OF  THE  FOLLOWING  ITEMS : 


or 

or 

OR 

2 ) FRUIT : 

or 

OR 

3 ) STARCH 

. 

or 

4 ) VEGETABLE : 

or 

4  ounces  of  wine  (1/2  cup) 


1/2  Cup  fresh  fruit  or  unsweetened  canned  fruit 


FAT  FREE  Crackers  (such  as  Nabisco  Premium 
Saltines,  SnackWells  Wheat  or  Cracked  Pepper) 

FAT  FREE  Cookie  (such  as  SnackWells  or  Nabisco 
Fat  Free  Newtons) 

1  CUP  RAW  Vegetables  (such  as  carrots,  tomatoes) 
'2  CUP  COOKED  Vegetables  (such  as  green  beans, 
carrots,  broccoli,  cabbage,  cauliflower) 


Please  remember  to  record  ANY  item  eaten  (include  item  name, 
amount  and  brand)  and  give  to  Wendy  Mueller  -  if  you  have 
questions  please  call  Wendy  at  734-0570  or  page  her  at  762-8998. 


